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extent of collaborative works. The 'List of Publications' in the 
Thesis contains references to names of all co-authors on communi-




The theme which connects the strands of work presented in 
this Thesis is stereochemical. An early association by the 
candidate in research with a class of natural polymers - namely 
polysaccharides - is seen to provide a suitable launching pad for 
the development of both general and particular interests in the 
stereochemistry of carbohydrates. A fascination with the delights 
of (molecular) symmetry, coupled with an appreciation of the 
practical powers and potentials of nuclear magnetic resonance 
spectroscopy, lead logically from the synthesis of medium- and large-
sized rings from carbohydrate precursors to investigations on the 
conformational behaviour of medium sized rings incorporating 
benzene and naphthalene residues. Next, it is shown how the 
experience gained in these two areas of organic chemistry may be 
used to build molecular receptors and enzyme analogues around the 
crown ether constitution with carbohydrates providing convenient 
sources of chirality and functionality. It becomes clear that these 
investigations have led to a better fundamental understanding of 
the nature of non-covalent bonds. An appreciation of the importance 
of the directionality of hydrogen and electrostatic bonds as a 
stereochemical tenet emerges from numerous kinetic and thermo-
dynamic studies on organic and metal cationic complexes of 12-
crown-4 and 18-crown-6 derivatives. Intermolecular conformational 
analysis - as it is christened in the Thesis - is viewed as a major 
growth area in chemistry during the remainder of this century. 
The prospect is held out that a fundamental understanding of this 
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relatively new discipline can lead to major advances in many areas 
of chemistry including drug receptor design, transport phenomena, 
separation science, catalysis, and so on. These prospects aside, 
adventures in stereochemistry will continue It is clear that the 
triumphs of the past form an adequate platform from which to tackle 
the challenges of the future. In so doing, the chemist will become 
an artist as well as a scientist: 
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But pleasures are like poppies spread-
You seize the flower, its bloom is shed; 
Or like the snowfall in the river, 
A moment white - then melts for ever; 
Or like the Borealis race, 
That flit ere you can point their place; 
Or like the rainbow's lovely form 
Evanishing amid the storm. 
'Tam 0' Shanter' 
	
Robert Burns 
My thanks to all those who have championed and contributed 
to the development of my research interests in Edinburgh, Kingston, 
Sheffield, Runcorn, and elsewhere, 
and to Norma 
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The Declaration 
Oh wad some Power the giftie gie us 
To see oursel's as others see us! 
It wad frae monie a blunder free us 
And foolish notion: 
What airs in dress an' gait wad lea'e us, 
And e'en devotion! 
'To a Louse' 
	
Robert Burns 
I certify that the works presented in this Thesis have not 
been submitted for any other degree or diploma. Furthermore, I 
have made substantial contributions to the works and have indicated 
in 'The Statement' in the Thesis the nature and extent of 
collaborative works. The 'List of Publications' in the Thesis 
contains references to names of all co-authors on communications, 
papers, and reviews. 
A 
Aye free, aff han' your story tell, 
When wi' a bosom crony; 
But still keep something to yoursel' 
Ye scarcely tell to ony. 
Conceal yoursel' as weel's ye can 
Frae critical dissection; 
But keek through ev'ry other man 
Wi' sharpened, sly inspection 
' Epistle to a Young Friend 	 Robert Burns 
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SOME ADVENTURES IN STEREOCHEMISTRY 
The shapes of molecules captured my imagination as a 
Postgraduate Student at Edinburgh University in the mid-nineteen 
sixties. At that time, I became interested in the primary structure 
of plant gums of the Acacia genus under the supervision of 
Dr. D.M.W. Anderson within the Carbohydrate School in Edinburgh 
established by the late Professor Sir Edmund Hirst. I was able, on 
the basis of molecular-sieve chromatography 1-4 and viscosity measure-
ments5 ' 6 on aqueous salt solutions of these acidic polysaccarides, 
to come to the conclusion that the molecules had to be approxi-
mately spheroidal in shape and not rod- or chain-like in character 
as had previously been suggested. These observations led to a 
revised primary structural proposal for gum arabic 5 and subsequently 
other structurally-related polysaccharides 6,7  were found to have 
very similar 'stereochemical' characteristics. 
A National Research Council Postdoctoral Research Fellowship 
at Queen's University in Canada offered the opportunity to broaden my 
interests considerably in stereochemistry. In 1967, it seemed to me 
that the conformational behaviour of 5- and 6-membered rings—for 
example, the furanoid and pyranoid ring systems of many sugars—was 
already well understood and hence the room for an innovative approach 
to research in that area was severely limited. Thus, I was grateful 
to grasp the opportunity provided at Queen's by Professors 
J.K.N. Jones and W.A. Szarek to synthesise some medium-sized 8 ' 9 and 
large-sized1° heterocyclic rings from carbohydrate precursors and 
then employ 1H n.m.r. spectroscopy to examine their conformational 
behaviour in solution. The intriguing symmetry properties of the 
chiral 1,3,6,8-tetraoxacyclodecanes 8 ' 9 and the achiral 30- and 35-
membered ring polyacetals -° brought me face-to-face with the new 
conceptual advances which had just been made at that time in 
stereochemistry by Mislow. 	I had always been fascinated by 
symmetry. Now I came to grips with molecular symmetry and its 
power to aid an understanding of stereochemical problems. For 
example, it provided an explanation 12 for the proposed conforma-
tionally-rigid 10-membered ring (!) of a bistetramethylene-1,3,6,8-
tetraoxacyclodecane I had heard about in a lecture 13 delivered in 
Edinburgh three years previously. The answer to the problem lay in 
interpreting the 1H n.m.r. spectrum in terms of molecular symmetry. 12 
Alas, the 10-membered ring was always flexible 
At this stage, my fascination with symmetry influenced my 
thinking in two other directions. Firstly, it led to an association 
with D-mannitol (it is one of the few readily available carbohydrates 
with S2 symmetry) which has stood my research interests in good 
stead for almost a decade now. The first three papers -416 in 
this area were concerned with conformational studies on 1,3-dioxepans. 
Secondly, it seemed to provide an ideal platform on which to build 
an introduction to a monograph on carbohydrate stereochemistry 17 
which I began writing in 1969 while I was still in Canada. My 
return to the United Kingdom in 1970 took account of the fact that 
my background had been confined to associations with two Schools of 
Carbohydrate Chemistry. It was time to look for a change of scene 
An ICI Postdoctoral Research Fellowship, and subsequently a Lecture-
ship in Chemistry, at Sheffield University provided the contrasting 
situation and stimulation I sought at that time. My first task 
at Sheffield was to complete the writing of the monograph 17 on 
'Stereochemistry of Carbohydrates'. This work was not intended 
as a textbook of carbohydrate chemistry. Rather, it was an 
attempt to sell the (considerable!) wares of carbohydrate chemistry 
to the mainstream organic chemist in a language and style he could 
and would accept. A reconciliation between carbohydrate and 
stereochemistry was sought by striving where possible 'to illustrate 
the facts of the former field in terms of the concepts of the latter'. 
(The quotation is taken from a 1975 review of 'Conformational 
Analysis' by Eliel. 18) The message that came out of this experience 
for me was 'the fact that constitutional, configurational, and 
conformation isomerisms are often superimposed on each other would 
almost seem to confer on the carbohydrates a unique status among 
organic compounds'. (The quotation is taken from the last sentence 
in the monograph.) In so far as I succeeded in discussing the 
stereochemistry of carbohydrates ' in a manner designed to attract 
the attention of other organic chemists, whether they be students, 
teachers, or researchers' is for others 18-22  to judge. (The 
quotation is taken from the first sentence in the Preface to the 
monograph). An opportunity to up-date portions of the monograph 
was taken in reviews 23 ' 24 on 'Stereochemistry' and on 'Molecular 
Structure and Conformation of Carbohydrates' published in 1973. 
My chief reason for electing to join the Chemistry Department 
at Sheffield as an ICI Postdoctoral Research Fellow in 1970 was my 
attraction to the highly elegant investigations by Professor 
W.D. 011is and his collaborators published25 during the 1960's on 
the conformational behaviour of tri-o-thymotide and its relations in 
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solution. For the most part, this had been achieved by symmetry 
arguments in relation to the results of dynamic 1H n.m.r. spectros-
copy. I wanted to learn more about this relatively new technique of 
probing the stereochemistries of molecules in solution and at the 
same time become au fait with the computational methods which had 
been developed during the 1960's to analyse n.m.r. line shapes. 
This I achieved with beginners' luck in relation to di-o-thymotide 
and di-o-carvocrotide. 26 These disalicylides were shown to undergo 
ring inversion between enantiomeric boat conformations in solution. 
Similar investigations on dibenzo-'6,9,6'-systems revealed 27  the 
presence of diastereoisomeric chair and boat conformations in equil-
ibrium in solution and increased my confidence in our ability to 
'detect' minor conformations. There followed an investigation on 
the conformational behaviour of medium-sized rings incorporating 
1,8-bridged naphthalene units. 28  An intriguing piece of chemistry 
emerged from this investigation in the form of an 11-membered ring 
compound which was also an enamine that underwent 29 ' 30 a 'reverse 
Hofmann elimination' under basic conditions In order to gain a 
better understanding of the conformational picture at the transition 
states to conformational change, it become necessary at this stage 
to develop computational procedures to carry out molecular mechanics 
calculations. This was achieved in collaboration with Dr. (now 
Professor) 1.0. Sutherland. Our initial and encouraging results 
were reviewed in in the van't Hoff-Le Bel Centenary Issue of 
Tetrahedron. If one ring system was to dominate the scene during this 
period then it was the 12-membered ring with three benzene rings 
fused to it in a constitutionally symmetrical manner. The parent 
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hydrocarbon, tribenzocyclododecene, was shown 3' to prefer the lower 
symmetry (i.e. C 2 ) conformation in solution. Here we employed 
dynamic 13C n.m.r. spectroscopy along with molecular mechanics 
calculations to establish the conformational itinerary. This was 
one of the first dynamic 13C n.m.r. spectroscopic investigations 
and it established the creditableness of this technique by direct 
comparison with dynamic '-H n.m.r. spectroscopy. The method was 
pushed to its limits subsequently in an analogous investigation 32 
on 5,6,7,12-tetrahydrodibenzo[a,d]cyclo-octene. With both the 8-
and 12-membered ring hydrocarbons, strain energy calculations led 
to useful correlations between calculated and experimental thermo-
dynamic parameters. The temperature dependent 1H n.m.r. spectra of 
a tribenzotrithiacyclododecin posed 33  a fascinating problem in 
group theory as well as in conformational analysis about this time. 
The successful analysis of the variable temperature spectra where 
three AB systems coalesced to a singlet proved to be an intellectual 
tour de force. The conformational behaviour of dithiosalicylides, 34 
dianthranilides, 26  trithiosalicylides, 35  and trianthranilides 34 ' 36,37 
was also investigated in detail. The 8-membered ring compounds 
behaved predictably. All the trithiosalicylide derivatives prefer 
to adopt the asymmetrical conformation with trans-thioester linkages. 
The trianthranilide derivatives provided a more interesting and 
challenging problem. Invariably, both C3 and çj conformations were 
observed 38  in solution at low temperatures by 111  n.m.r. spectroscopy. 
In the case of the N,N' ,N"-tribenzyl derivative, conformational 
diastereoisomers could be isolated 39 and the results of classical 
kinetic experiments compared with those obtained from n.m.r. line 
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shape methods. One of the triumphs in this work was the assignment 
of a conformation to N,N'-dimethyltrianthranilide on the basis of 
deuteration studies and 1H n.m.r. spectroscopy which was 'confirmed' 
in the solid state by X-ray crystallography. 40 This technique 
was also employed41 to resolve the ambiguity which existed regarding 
the preferred conformation for a 12-membered olefinic bislactam 
after dynamic 1H n.m.r. spectroscopy. Finally in a somewhat distantly 
related area of stereochemistry (), equilibration studies on a 
series of 2,4-disubstituted-y-butyrolactones indicated 42  that the 
cis-isomer is always more stable than the trans-isomer. 
My early interest in (i) the synthesis and conformational behaviour 
of achiral macrocyclic polyacetals 10 and chiral 1,3,6,8-tetra-
oxacyclodecanes8 1 9 from carbohydrate precursors and (ii) the problem 12 
of assigning relative configurations to the two di-trans isomers of 
bistetramethylene-1,3,6,8-tetraoxacyclodecane were revived in 1972 
when we undertook the stereospecific synthesis of the two di-trans 
isomers of dicyclohexano-18-crown-6 from (±)-cyclohexane-trans-1,.2- 
diol. The accidental synthesis by Pedersen43 of dibenzo-18-crown-6 
in 1967 led directly to the appreciation that this compound 
exhibits intriguing properties. Perhaps most significant is the 
fact that it forms stable complexes both in the crystalline state 44 
and in solution43 ' 45 with metal, ammonium, and primary alkylammonium 
salts. The ability of the so-called crown ethers to complex through 
hydrogen and electrostatic bonding with primary alkylammonium 
cations forms a basis for building synthetic organic catalysts, i.e. 
enzyme analogues, around crown ethers. Whereas this potential has 
been exploited by Cram46 using binaphthol (after its resolution) 
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as a source of axial chirality, we have appealed directly to nature 
for chirality in the shape of carbohydrates. Not only are they and 
their derivatives very often chiral and rich in substituted bismethyl-
enedioxy units for incorporation into the 18-crown-6 constitution, 
but they are also well endowed with functionality into the bargain. 
However, some of our early synthetic efforts in 1973 were directed 
towards the incorporation of pentaerythritol, which is achiral, into 
crown compounds. Although our intentions were to 'add on' sources 
of chirality at a later stage in the synthetic approach, this idea 
was overtaken by events and we satisfied ourselves with synthesising 47 ' 48 
the first macrobicyclic polyethers with carbon bridgeheads: 
Experience gained about this time from the synthesis and properties 
of some bicyclic diacetals 4951 was invaluable to us in bringing 
this challenging synthetic problem to a successful conclusion. 
Initially, we had two objectives in undertaking the stereo-
specific synthesis of the two di-trans isomers of dicylohexano-18-
crown-6: (i) to resolve the confused situation 52 regarding the 
relative configurational assignments to the two isomers—now known 
to be the two di-cis isomers—of dicylohexano-18-crown-6 and (ii) to 
prepare the way for the synthesis of the pure enantiomers with the 
trans-transoid-trans configuration from (+) and (-)-cyclohexane-
trans-1,2-diol, respectively. In the event, objective (i) was 
realised 52  and objective (ii) was not pursued by us because of the 
convincing demonstration by Cram 46  in 1973 that chiral crown 
ethers require a high degree of chirality associated with them in 
order to exhibit chiral recognition in molecular complexing. Our 
next thoughts, emanating from our interest in cyclohexane-trans- 
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1,2-diol as a precursor to crown compounds, were to use suitably-
substituted glucose, galactose, and mannose residues (e..a. the 4,6-0-
benzylidene derivatives of their a- and s-methyl glycosides) in the 
synthesis of chiral asymmetric 18-crown-6 derivatives. Indeed, 
this synthetic goal has been achieved more recently (vide infra). 
However, the attractions of selecting carbohydrates with 
symmetry are considerable because of the relative ease this intro-
duces into the syntheses of chiral symmetric 18-crown-6 derivatives. 
While both tetritols and hexitols, amongst the common alditols, 
have the required constitutional symmetry, only threitol, mannitol, 
and iditol fulfil 17 the 	symmetry requirement. In 1975, we 
announced53 ' 54 the synthesis of the first chiral symmetrical 18-
crown-6 derivatives incorporating carbohydrates in the form of L-
threitol and D-mannitol residues. I presented these results 55 to 
an international audience for the first time at the Centennial 
Meeting of the American Chemical Society in New York in April 1976. 
I was also invited to give supporting lectures at symposia held 
in both London and Manchester in May 1967 to honour the award of 
the Centenary Lectureship by The Chemical Society to Professor 
Cram. In particular, 1,2:1' ,2' :5,6:5',6'-tetra-O-isopropylidene-
3,3' :4,4' -bi s-O-oxydiethylenedi-D-mannitol, derived from base-
promoted condensation of diacetone-D-mannitol with diethyleneglycol 
bistosylate, exhibits 54 ' 55 enantiomeric differentiation of 62:38 
for R:S in complexation equilibria towards (RS)-cz-phenylethyl-
arnmonium hexafluorophosphate. This carbohydrate-derived crown is 
on a par with Cram's 24-crown-6 containing two binaphthyl residues 
regarding its chiral recognition properties. Next, we were able 
to forge a link between the approaches to enzyme analogues developed 
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at the University of California at Los Angeles and those developed 
in Sheffield through a 'synthetic resolution' of the binaphthyl 
unit by incorporating 56  (RS)-binaphthol and diacetone-D-mannitol 
into the synthesis of diastereoisomeric crowns, both of which 
exhibit chiral recognition towards racemic primary alkylainmonium 
salts. The incorporation of pyridyl units and tertiary amine 
functions into our original all-carbohydrate crowns resulted 57 in 
strenghening of the complexes to the extent that dynamic 1H n.m.r. 
spectroscopy could be employed to probe the kinetics of the 
complexation-decomplexation process. It was established that the 
rate of dissociation of the key from the lock is slow and rate 
limiting; in many cases, the rate of association appears to be 
close to being diffusion-controlled. During 1977 we published full 
accounts of our investigations on (i) dicyclohexano-18-crown-6, 58 
(ii) macrobicyclic polyethers with carbon bridgeheads 59 and a 
topologically-related system 60 and (iii) Part 161  in a series entitled, 
'To Enzyme Analogues by Lock and Key Chemistry with Crown Compounds'. 
I could not resist recalling Fischer's lock and key metaphor 62 to 
describe the match of an enzyme with its substrate in an enzyme-
substrate complex and, as a result, I decided to apply the description 
'Lock and Key Chemistry' to our investigations on complexation-
decomplexation equilibria and catalysis with crown compounds. The 
lock, of course, refers to the crown and the key to the primary 
alkylaxnxnonium cation. L-Threitol, 5355 ' 61 D-mannitol, 5357 ' 61 '63 
and L-iditol have all been introduced singly and in pairs, into 
chiral symmetrical 18-crown-6, 20-crown-6, and 22-crown-6 derivatives, 
whereas D-glucose, 6567 D-galactose, 6567 D-mannose, 68 and D-altrose 68 
have been utilised as sources of substituted chiral bismethylenedioxy 
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units into asymmetric 18-crown-6 derivatives. These chiral crown 
compounds all complex with primary alkylanimonium cations through 
hydrogen bonding and electrostatic interactions involving the 
ammonium group in the cation and oxygen or nitrogen atoms in the 
macrocycle. For complexes of 18-crown-6 itself, Cram 46 has 
proposed a three-point binding model for which there is now some 
support from X-ray crystal structure analyses. Towards the end of 
1977 we discovered69 that a p-phenylene ring can be incorporated 
into macrocyclic polyethers and that the phenylene ring probably 
forms a it-complex with the ammonium group in the cation. In 
addition, a potentially valuable secondary interaction of a 
dipole-induced dipole type 70 has been uncovered between phenyl 
groups in keys and 1,3-dioxan rings in locks containing (i) methyl 
4-6-0-benzylidene-ct-D-glucopyranoside, 66 (ii) methyl 4,6-0-benzyl-
idene--D-g1ucopyranoside67 (iii) methyl 4,6, -O-benzylidene-c-D-
mannopyranoside68 and (iv) 1,3:4, 6-di-O-methylene-D-mannitol 63 
residues. At best, this secondary interaction is clearly worth 
about 1 kcal mol* In building highly structured molecular complexes 
as a first goal towards the realisation of enzyme analogues, the 
accidential discovery and identification of secondary interactions 
of this kind is important. The 20-crown-6 derivative incorporating 
1, 3:4, 6-di-O-methylene-D-mannitol also exhibited an interesting 
anion effect. Perchlorates of primary alkylammonium ions form 
stronger complexes than the corresponding thiocyanates. The 
evidence for this is both kinetic and structural. In the latter 
case, a specific deuteration of the D-mannitol residue coupled 
with low temperature 1H n.m.r. spectroscopy revealed that the 
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perchiorate complexes are much more highly structured than the 
thiocyanate complexes. It would appear that thiocyanate ions compete 
with the crown ether oxygen atoms for hydrogen bonding to the 
ammonium group and hence destructure the complex. Marked dependences 
of complex stabilities upon the nature of the counterion were also 
observed 71  for complexes of a diaza-12-crown-4 derivative. N,N'- 
Dimethyl-1, 7-diaza-4, lO-dioxacyclododecane forms 
71,72
strong 
complexes with both primary alkylammonium and secondary dialkyl-
ammonium salts. This fundamental discovery was made in the face 
of the commercial impetus provided by an ICI Joint Research Scheme 
project with Pharmaceuticals Division to resolve adrenalin analogues. 
An X-ray crystal structure analysis of the crystalline complex 
formed between the diaza-12-crown-4 derivative and benzylamnionium 
thiocyanate reveals 72  that the key prefers to hydrogen bond to the 
two nitrogen atoms in the lock with the third hydrogen atom of the 
ammonium group hydrogen bonding to the nitrogen atom of the thio-
cyanate ion. This investigation has been extended 73  successfully 
to 1:1 complexes of 12-crown-4 and its aza derivatives. In some of 
72,73 	 1 these complexes, evidence 	is accumulating from dynamic H and 
13 C n.m.r. spectroscopy that spinning of the key in the lock becomes 
slow on the n.m.r. time scale in dichloromethane-d2 at low temper-
atures. This could be one of the first examples of gearing to be 
recognised in organic chemistry A secondary interaction of a 
dipole-induced dipole type involving the anomeric centre associated 
with -glycosides incorporated into locks and phenyl groups into 
keys was also uncovered 67 quite unexpectedly in appropriate complexes 
of 18-crown-6 derivatives built around -glycosides. It is intriguing 
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that the anomeric effect which destabilises 17 -glycosides 
intramolecularly should provide a source of stability intermolecularly 
with a complexed cation! This secondary anomeric effect, as I have 
christened 76  it, should not only be useful in the design and 
synthesis of new receptor molecules, but it should also be consid-
ered by the large number of experimentalists and theoreticians 
interested in the anomeric effect per se. 
During a period of sabbatical leave at UCLA in February and 
March of 1978 I came to realise, on the basis of considerable 
experimental evidence gathered58 ' 66 in Sheffield during the preceding 
four years, that complex strengths between locks and keys depend 
markedly upon the stereochemistry of the lock. As a consequence, 
I have put forward7476 the hypothesis that this is a result 
of the highly directional characteristics 77 of noncovalent bonds, 
e.g. electrostatic and hydrogen bonds. In the case of 18-crown-6 
derivatives, a good complexing conformation for both metal and organic 
cations is an alternating all-gauche one with consecutive oxygen atoms 
being arranged ' up ' and 'down' with respect to the mean plane of the 
macrocycle. In the case of 12-crown-4 derivatives, the heteroatoms 
prefer to orient themselves on the same side of the mean plane to form 
face-to-face complexes with either metal or organic cations. These 
stereochemical arrangements can be perturbed to enhance or diminish complex-
ation. Both fine (i.e. conformational) and gross (i.e. configurational) 
stereochemical factors can be identified and the effect is not only 
manifest in the ground state but it is also operative 74,76,78,79  at 
the transition state and characterises the templated synthesis of 
crown ethers. A configurational impediment to the complexation of 
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primary alkylammonium cations by 18-crown-6 derivatives has been 
demonstrated80 in chiral symmetrical crowns81 incorporating (i) 
two methyl 4,6-0-benzylidene-c-D-glucopyranoside and (ii) two 
methyl 4,6-0-benzylidene-a-D-galactopyranoside residues. These 
investigations showed convincingly that the configurational 
constraints—which lead to poor cooperativity of noncovalent bonds 
at the primary binding site—imposed upon all these locks has a 
drastic effect upon their complexing ability to organic cationic keys. 
Nonetheless, free energies of activation for dissociation remain 
'unchanged' with respect to the locks which form strong complexes. 
This observation can only be explained in terms of very much slower 
rates of association of organic cations with 18-crown-6 derivatives 
when their conformational characteristics are 'wrong' for complex 
formation. The message is clear. The formation of noncovalent 
bonds is a highly directional process. The incorporation 68 of 
methyl 4,6-0-benzy1idene-c-D-altropyranoside into the 18-crown-6 
constitution imposes an anti 0-C-C-0 unit upon the conformation 
of the macrocyclic ring. This disfavours complex formation by 
primary alkylammonium cations in a very interesting manner. While 
the free energy of complexation becomes very small, an appreciable 
free energy of activation for dissociation is still observed for 
1:1 complexes. The implications of this observation are that the 
free energy of activation for association becomes quite large in 
stereochemically perturbed systems. Thus, stereochemical factors 
can lower rate constants for association of organic cationic 
complexes considerably below the diffusion-controlled rate 
observed for complexes of 18-crown-6 itself. In looking for 
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optimum stereochemistry, the all-gauche conformation of 18-crown-6 
is not necessarily the best arrangement available to this kind of 
lock. Incorporation of a 2,5-anhydro-3,4-di-0-methyl-D-mannitol 
residue into the 18-crown-6 constitution provides 82 not only a 
chiral diethyleneglycol unit in the form of a trans-fused substituted 
tetrahydrofuranyl ring but also confers a better array of binding 
sites upon the lock. Indeed, this 18-crown-6 derivative forms 
stronger complexes than does 18-crown-6 itself with primary 
alkylammonium cations. Two 'overlapping' chiral diethyleneglycol 
units are formally introduced into a lock when 1,4:3,6-dianhydro-D-
mannitol is incorporated and preliminary investigations indicate 83 
that a 24-crown-6 derivative containing two dianhydromannitol 
residues binds secondary dialkylammonium cations as well as 
primary alkylammonium cations. 
In my Tate and Lyle lecture 76 I held out the prospect that 
it is now possible to design and build highly-structured molecular 
complexes around crown ethers as molecular receptors. To some 
extent, structuring can be achieved by superimposing secondary 
interactions between the lock and the key upon the selectivity 
dictated by stereochemical factors operating at the primary binding 
site. In this regard, it should be possible to realise the ultimate 
in sophistication in synthetic molecular receptor design by 
exercising configurational control to locate certain constitutional 
features in particular conformational environments upon the crown 
ether framework. I submit 76  that carbohydrates are an ideal 
source of configurational control, whilst the location of nitrogen 
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atoms in selected constitutional environments on a known crown 
ether conformation provides the necessary control over the other 
two aspects of structure. I also believe that a stereochemical 
principle—that associated with intermolecular conformational 
analysis—has been highlighted at a structural level for the 
first time. Coupled with an appreciation of the tenets of inter- 
molecular conformational analysis at a dynamic level, these realisa-
tions should lead to the conception and synthesis of locks which 
(i) will bind keys with high regioselectivity and/or stereo-
selectivity and (ii) will act as enzyme analogues in a highly 
regioselective and/or stereoselective manner. There is little 
doubt that the major challenge before us at present is to attain 
high chiral recognition in the transition states of reactions 
involving prochiral substrates. To this end, a number of potentially 
catalytic systems based on chiral crown ethers and transition 
metals is under investigation. In October 1978, I joined the 
Catalysis Group headed by Dr. W. Hewertson at the ICI Corporate 
Laboratory in Runcorn in order to give my research programme the 
fillip it requires on the catalysis side. During this period of 
secondment from the university under the auspices of a Science 
Research Council Cooperative Research Grant, the research effort 
in Sheffield is continuing with the emphasis there remaining on 
developing (i) new primary binding sites and secondary interactions 
and (ii) the stereochemical principles governing binding and reactivity 
with absolute selectivity! In this respect, oxo-18-crown-5, in 
which an ether oxygen atom of 18-crown-6 is replaced formally 
by a carbonyl group, has been synthesised84 recently. Pre1iminiry 
investigations show that it binds primary alkylammonium cations. 
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In relation to the chiral recognition of racemic keys at the ground 
state level, our hopes are pinned on systems 85  incorporating 
three—two the same and one different—carbohydrate residues 
into the 18-crown-6 and 20-crown-6 constitutions. 
My general interest in stereochemistry is maintained in a 
number of ways. These have included 86 the writing of an introduc-
tory chapter on stereochemistry for Volume 1 of 'Comprehensive 
Organic Chemistry' which I have edited under the joint chairmanship 
of Professor Sir Derek Barton and Professor W.D. 011is. 
It is interesting that nature and carbohydrates have provided 
other important enzyme models—the so-called Schardinger dextrins—
to the chemist. It may be that a marriage of their hydrophobic 
bonding properties with the hydrogen bonding characteristics of 
crown compounds will become possible in the near future as our 
ability to build more exotic macromolecules increases. For the 
present, however, crown compounds have provided chemists with a 
unique type of binding site between an enzyme analogue and a 
substrate in organic solvents. Through hydrogen bonding and other 
electrostatic interactions, the binding site afforded by a crown 
ether utilises some of the strongest noncovalent bonds available 
and this offers the opportunity of structuring keys in complexes 
with relatively low molecular weight locks. The orientational 
requirement demanded of substrates, if reactions are to be 
stereoselective, is probably one of the main reasons why we must 
turn our attention to synthesising locks with slightly greater 
three dimensional character. It is probably worth reflecting upon 
the fact that the chiral locks we are investigating are-effectively 
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enzymes turned inside out! This means that the synthetic chemist 
is not operating under too many constraints. Although he might 
begin by trying to imitate nature he may well end up emulating it! 
I feel there is a challenge to be met at an academic level. However, 
my close collaboration with Imperial Chemical Industries Limited 
demonstrates that our goals have more than just intellectual appeal. 
They have considerable commercial importance and their attainment 
will become increasingly important to society over the next few 
decades and beyond. With the current rundown in the stockpile of 
energy available to us on this planet, the role of the catalyst in 
promoting chemical reactions at air temperatures must assume greater 
significance than it has done in the past. 
Over one hundred and fifty years ago many chemists were 
convinced of the requirement for a vital force in the realisation 
of organic compounds and held the view that this unknown quantity 
was nature's secret. Mancould not expect to be able to synthesise 
organic compounds from inorganic precursors! Today, many chemists 
see the realisation of synthetic enzymes in the same vein. They 
talk of a 'macromolecular effect' and point out that evolution 
would not have gone to the trouble of producing enzymes in the 
shape of large protein molecules unless this was absolutely 
necessary. I am of the belief that our increasing mastery of the 
art of synthesis together with our mechanistic and stereochemical 
understanding of chemistry is such in 1979 that this myth can be 
dispelled this century. 
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Chemical and physical evidence is presented to show that the structure of a dianhydride of D-ribose 
is di4-D-ribofuranose 1,5':1',5-dianhydride. Partial acid hydrolysis of this dimer affords a ribobiose, 
which is shown to be 5-0-13-D-ribofuranosyl-D-ribose, since examination of the 0-methyl derivative of 
this disaccharide yields 2,3,5-tn- and 2,3-di-0-methyl-o-ribose, and since quantitative measurements of 
the periodate consumption of the derived glycitol (4 moles of periodate per mole) are consistent with a 
structure corresponding to 50-0-n-ribofuranosyl-D-ribitoI. In addition to confirming that both the 
I -+ 5'- and 1' - 5- linkages have the 13 configuration, n.m.r. spectral data for the dianhydride tetra-
acetate leads to a conformational assignment for this derivative in chloroform at room temperature. 
Peniodate oxidation of the dianhydride, followed by borohydride reduction and acetylation, yields a 
2,4,7,9-tetraacetoxymethyl- 1 ,3,6,8-tetraoxacyclodecane. The conformational properties of this com-
pound are discussed. 
Canadian Journal of Chemistry, 46, 3061 (1968) 
Although several investigations (1-3) have 
been carried out on an anhydro derivative of 
D-ribose, first reported by Bredereck et at. (4), 
unequivocal evidence for the structure of this 
compound has not been presented to date (cf. 
5). An attempted (4) de-O-tritylation of 1,2,3-
tri-O-acetyl-5-0-trityl-D-ribofuranose with hy-
drogen bromide in glacial acetic acid at 0° led to 
the isolation of a compound, which was thought 
to be 2,3di-O-acetyl-1,5-anhydro-3-D-ribofura-
nose. Further investigations by Barker and Lock 
(1) on the product obtained from this reaction 
showed that it was dimeric and probably a fully 
acetylated derivative of di-D-t -ibofuranose 1,5': 
V,  although some doubt remained 
about the assignment of this structure. Sub-
sequently, other investigators (3, 6) and re-
viewers (7, 8) have supported the suggestion (1) 
that a 1,5':l',5-dianhydride structure is more 
likely than a 1,4':1',4- or a 1,5':1',4-dianhydride 
structural formulation. All these structural types 
are consistent (1) with the consumption of 2 
moles of periodate per mole of dianhydride on 
oxidation, and with the isolation and character-
ization of 2,3-di-0-methyl-D-ribose from the 
acidic hydrolyzate of the tetra-0-methyl deriva-
tive of the dianhydride. In addition to reporting 
the preparation of some tetraoxacyclodecane 
derivatives from the dianhydride, we present evi-
dence in this paper that this latter compound is 
di-13-D-ribofuranose 1,5': 1 ',5-dianhydride (2). 
Benzylidenation of D-ribose as described by 
Wood et al. (3) gave 2,3:2',3'-di-O-benzylidene-
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yielded the dianhydride (2) on catalytic de-O-
benzylidenation. Partial hydrolysis of the dian-
hydride (2) with 0.01 N sulfuric acid for 2 h at 
100° yielded a ribobiose (5) in 7% yield, as well 
as ribose and unchanged starting material (2). 
The disaccharide was shown to be 5 -0- 3- D-
ribofuranosyl-D-ribose (5). Acid hydrolysis gave 
only ribose and methylation analysis led to 
the chromatographic identification of 2,3, 5-tn-
(12) and 2,3-di-0-methyl-D-ribose (15) by com-
parison with authentic samples. 2,3,5-Tri-0-
methyl-D-ribose (12) (9) was prepared by methyl-
ating 2,3-0-benzylidene-D-ribofuranose (8) (3) 
using a modification (10) of a procedure re-
ported by Falconer and Adams (11) to give the 
methyl 2,3-0-benzylidene-5-0-methyl-D-.ribo-
furanosides (9) (3, 12), which were de-O-benzyl-
idenated (3) to give 10; methylation (10, 11) of 
10 yielded 11, which was hydrolyzed (9) to give 
12. 2,3-Di-0-methyl-D-ribose (15) (1, 13) was 
obtained by hydrolyzing the methyl glycosides 
.11 
(14) obtained on methanolYSis of tetra-0-methyl 
fDribofuranose 1,5' :1 ',5-dianhYdride (4). Equi-
librium proportions of methyl glycosides (13 and 
14) were examined by gas—liquid chromatog-
raphy (g.l.c.) after refluxing with methanolic 
2% hydrogen chloride for 16 h. On similar 
treatment the 0-methyl derivative of the ribo-




	 CANADIAN JOURNAL OF CHEMISTRY. VOL. 46.1968 
8-0 - 







U•) 40 	 O' '  






O -t----1-- r1 1 
0 20 40 60 80 100 120 140 
MINS 
FIG. 1. 
Periodate oxidation of reduced disaccharide 6. I 
:3 
to approximately equimolar amounts of 2,3,5-
tn- and 2,3di0methYlDrjbose as their methyl 
glycosides (13 and 14). This evidence indicated 
that a ribose unit was 4-0- or 5-0- substituted 
by a ribofuranose residue. Although the fact that 
the disaccharide (5) was released under mild 
conditions of acid hydrolysis would suggest that 
the reducing ribose unit was in the furanose 
form, and therefore 5-0-substituted, the two 
possibilities may be distinguished quite con-
veniently by reducing the ribobiose (5) with 
sodium borohydride to the glycitol (6) and 
measuring the periodate consumption of the 
latter. Theoretically, 4-0- and s-o- substituted 
glycitols should consume 3 and 4 moles of 
periodate per mole, respectively. The periodate 
Uptake of the derived glycitol (6) with time was 
measured' polarograPhicallY (14), and the re-
sults of this experiment are shown in Fig. I. 
Although the reduced disaccharide (6) exhibits 
'The authors thank Miss Alice Wei for making these 
measurements.  
"over-oxidation", a point of inflection 2  exists 
on the curve corresponding to a consumption 
of 4.0 moles of periodate per mole. Presumably, 
the reduced disaccharide (6) is oxidized initially 
to the trialdehyde (7) and only after this reaction 
is complete does "over-oxidation" of 7 ensue. 
It is concluded that the reduced ribobiose is 
(6) and hence 
that the reducing ribose residue in the original 
disaccharide (5) is 50substitUted and in the 
furanose form. The values for the specific 
optical rotations of the disaccharide (5) (+24 °) 
and of the reduced disaccharide (6) (-26°) 
suggest that the configuration of the 1 -* 5-
linkage is P. This assignment is confirmed by the 
nuclear magnetic resonance (n.m.r.) spectrum of 
6 in deuterium oxide. This shows a 1-proton 
broadened singlet at t 4.95, which confirms 
(15, 16) a trans relationship between the protons 
on C-i and C-2 of the ribofuraflOse residue and 
hence a P configuration for the 1 -* 5 glyco-
sidic bond. The question remained as to whether 
both the I -* 5'- and 1 -+ 5-linkages in the 
dianhydride (2) have the 3 configuration. The 
fact that only one ribobioSe was detected after 
partial acid hydrolysis of 2 indicates that the 
2 RecentlY, W. G. Breck, G. W. 1-lay, and G. Hender-
son (Queen's University, Kingston, Ontario) have ob-
served a similar stepwise uptake of periodate with time 
for a number of disaccharides using this sensitive polaro- 
graphic technique. 
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presence of an cc linkage as well as a 0 one is in-
herently unlikely. The n.m.r. spectral data for 
2, 3, and 4 support this conclusion. Finally, 
evidence that the ribobiose (5) is unlikely to have 
arisen as a result of acid reversion follows from 
the identification of only ribose after prolonged 
acid hydrolysis (17). 
Some idea of the conformation of the tetra-
acetate (3) (1, 3) and of the tetra-0-methyl de-
rivative (4) (1) of the dimer (2) in chloroform-d 
was obtained from an examination of their 
n.m.r. spectra. The partial n.m.r. spectrum of 3 
in chloroform-d (Fig. 2) showed a 2-proton 
singlet at 'r 4.87, which was assigned to H-1,l'. 
This assignment is consistent with a 13 config-
uration at both glycosidic bonds and dihedral  
angles of close to 900 between H-i and H-2 
(and H-l' and H-2'). This occurs when both 
ribofuranose rings assume C 2 conformations 
(half-chair) as shown in Fig. 3 (a). The remainder 
of the n.m.r. spectral data is consistent with this 
interpretation. The doublet between t 4.45-4.60 
was assigned to H-2,2' (J23 = J2 ., 3 . 5.0 Hz) and 
the quartet between t4.10-4.37 to H-3,3' (J23 = 
J2 . 3 . 5.0 Hz, J34 = J3 . 4 . 7.3 Hz). These coup-
ling constants are consistent with dihedral angles 
of 30-40° between H-2 and H-3 (and H-2' and 
H-3') and 150-160° between H-3 and H-4 (and 
H-3' and H-.4'). The acetyl groups on C-2, C-2', 
C-3, and C-3' gave n.m.r. signals at t values of 
7.83 and 7.89. The 6-proton multiplets between 
T 5.62-6.35 constitute an ABX system (18), which 
H-I,I' 
H-2 1 2' 
H-3,3' 
	
H-4,4' k 50 e ,5 0e 
I 	 I 	 I 
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by the spacing between 9 and 12 (or 9' and 12'), 
	
- 	which is equal to 3.0 Hz, it follows that JAX = 
0' JBX = 1.5 Hz. This spectral interpretation is con- 
sistent with a conformation for the dimer where 
the projected valence angle between either of the 
H 	
protons on C-S (or C-5') and H-4 (or H-4') is 
'H22 approximately 60°. This conformation, which 
exhibits an "up-down-up-down" arrangement of 
the four oxygen atoms within the 10-membered OR ring and which also displays a twofold (simple) 
axis of symmetry (19) is illustrated in Fig. 3b. 
'r A .-;-,- 	c, th r,nl 	entose which has 
a R = 	Ac iu uaI, been reported to form a dimeric dianhydride. In 
this connection, however, it is of interest that 






b 	R 	= 	Ac 12 
FIG. 3. 	(a) 	Ribofuranose 	rings 	of tetraacetate 	3 
shown in C2 conformation; (b) Conformation of tetra- 
acetate 3 (also see Plate, acetyl groups are omitted for 
clarity). 
is shown in more detail in Fig. 4. The X portion 
was assigned to the equivalent protons on C-4 
and C-4' and appeared as two triplets at lower 
field, because H-4,4' is split by H-3,3' [.134 = 
J3' .4 , 7.3 Hz, obtained from the splittings (9-9'), 
(10-10' or 11-11'), or (12-12') shown in Fig. 41. 
The equivalent pairs of protons on C-5 and C-S' 
constitute the 	AB 	portion 	of the 	spectrum. 
Peaks land 8 of the AB pattern are presumably III 	U 
hidden under part of the X portion of the spec- Hz 	 Hz 
trum. The splittings (1-3) and (2) correspond 0(  
to JAB 13.5 Hz. The observation that the spacings 
 
(1-2),(3-4), and (5-6) are 1.6, 1.4, and 1.5 Hz 
respectively, and hence of the same order of 
magnitude, together with the fact that 10 and 11 
FIG. 4. 	Partial nuclear magnetic resonance spectrum (and 10' and 11') are coincident is evidence that of tetraacetate 3, showing the ABX system for the protons 
JAX and JBX are equal. Since JAX  + JBX is given on C-4 and C-5 (and C-4' and C-5'). 
3065 STODDART AND SZAREK: MEDIUM HETEROCYCLIC RINGS 
H CH20R H CH20R 
CH20H 	CH20H 
2 	H H -+ 	
+ I 
0 	 CH 2 0H 	CH 20H 




Schaffer and Cohen (20) have recently charac-
terized a high-boiling substance (20) (21) formed 
during high-vacuum distillation of 2,3-0-iso-
propyl idene-c-D-lyxofuranoSe. The configura-
tional requirements at C-i and C-4 are not ful-
filled as they are with ribose, which readily 
forms (22) the dimeric anhydride, 2,3:2',3'-di-
0_isopropylidene-13-D-ribofUraflose 1,5':I ',5-di-
anhydride (21). 
In recent years, there has been considerable 
interest shown in the preparation and conforma-
tional properties of homocyclic and hetero-
cyclic 10-membered rings. Anet and Brown (23) 
have studied the rate of ring inversion of the 
nitrogen-containing 10-membered ring of pro-
topine and Brimacombe et al. (24) have reported 
the isolation of some 4,5:9,10-biscyclohexano-
I ,3,6,8-tetraoxacyclodecanes from reaction of 
cyclohexane-cis- and trans- 1,2-diol with methyl-
ene bromide and sodium hydride in N,N-
dimethyl formamide. The conformational geom-
etries and energies of certain homocyclic 10-
membered ring conformations have been com-
puted and discussed by several authors (25-28). 
When the dianhydride (2) was subjected to 
periodate oxidation followed by borohydride re- 
duction and acetylation (29), a 2,4,7,9-tetra-
acetoxymethyl- 1 ,3,6,8-tetraoxacyclodecane (16) 
was obtained. The element alanalysis, and infra-
red (i.r.) and n.m.r. spectra were all consistent 
structure proposed for this compound. with the 
A low-field triplet in the n.m.r. spectrum between 
t 4.96-5.21 (J 5.4 Hz) was assigned to the acetal 
protons at C-2 and C-7. De-0-acetylation of 16 
yielded 2,4,7,9-tetrahydroxymethyl- I ,3,6,8-tetra-
oxacyclodecane (17), which also gave a satis-
factory elemental analysis and a low-field triplet 
in the n.m.r. spectrum between r 5.02-5.26 (J 
5.5 Hz), attributable to the acetal protons on C-2 
and C-7. Mild acid hydrolysis of 17 followed by 
borohydride reduction of the products gave 
glycerol (18) and ethylene glycol (19). 
The fact that the n.m.r. spectrum of 16 in 
chloroform-d shows a sharp 12-proton singlet 
for the four acetyl groups associated with the 
acetoxymethyl side chains at positions 2,4,7 and 
9 of the tetraoxacyclodecane ring suggests that a 
conformational equilibrium state exists at room 
temperature in this solvent. The notation intro-
duced by Hendrickson (27) for referring to cyclo-
decane rings is used in Fig. 5 to show some of 
















CCC 	 CCB 	
BCB 
R = CH2OAC 
FIG. 5. Some possible conformations of substituted tetraoxacyclodecane rings (16). 
- tetraoxacyclodecafle ring might assume. For the 
papers using the following solvent systems (v/v): (a 
benzene - butan-l-ol - pyridine - water (1:5:3:3, 	
upper 
unsubstituted cyclodecane ring, the order 	f layer); (b) butan-l-ol - ethanol - water (4:1:5, upper 
stability increases on going from the CCC to the layer); (c) butan-l-ol - ethanol - water (3:1:1). Sugars 
CCB to the BCB conformation. When the cyclo- were detected with aniline oxalate (30), alkaline silver (32) spray   re- nitrate (31), or periodate permaflgaflate decane ring carries one or more su bstituents, 
agents. RRib values of sugars refer to distances moved 
equatorial substituentS are considered to be more relative to that of ribose. R0  values of 0-methyl sug3rs 
stable than axial ones, and the lowest energy refer to distances moved relative to that of 2,3,4,6-tetra- 
conformation is given by the lowest sum of ring Omethyl-a-glUCoSe.  Thin-layer chromatography (tic.) (40 x 90 mm) 
energy and substituent energy. In the case of the 
con- 
was carried out on glass microplates 
coated with silica gel (Camag) using the following solvent 
tetraoxacyclodecafle ring, a discussion of systems (v/v): (d) chloroform-methanol (19:1); (e) ethyl  
formational equilibria is complicated 	by 	the acetate - petroleum ether (b.p. 60-80') (3:2); (f) ethyl 
presence of dipole—dipole interactions between acetate - petroleum ether (b.p. 60-80') (1:1). The de- 
dried, sprayed with 5% ethanolic oxygen atoms in the ring and between oxygen 
5 	that 
veloped plates were air 
sulfuric acid and heated at about 150'. R 1  values of sugars 
atoms and substitueflts. Figure shows refer to distances moved relative to that of the solvent 
there are two substituentS axial and two equa- front. Gas-liquid partition chromatography (g.l.c.) (F 
tonal, as well as two unfavorable 1,3 dipole- and M chromatograPh, type 402) of mixtures of methyl 
dipole interactions between oxygen atoms in the glycosides of 0-methyl sugars (33) was carried out at 
100 	on columns of ccc conformation. In the CCB conformation, 
and there is only 
nitrogen flow-rates of ca. 	ml/min 
Q) 15% by weight of butan-1,4-diOl succinate polyester 0.4 all substituents are equatorial 
one unfavorable 1,3 dipole-dipole interaction, 
on 60-80 mesh acid washed Chromosorb W (110 x 
cm) at 160', and (ii) 15% by weight of diethylene glycol 
The BCB conformation has no unfavorable 1,3 adipate polyester on 60-80 mesh acid washed Chromo- 
dipole-dipole interactions, but has two of the sorb W (110 x 0.4 cm) at 160'. Retention times, 
T, are 
2,3,4,6tetra-0-methYl-l3-D- 
four substituents axial. Although qualitatively, 
the 	that the 
quoted 	relative to methyl 
glucopyrafloside as standard. Relative intensities of peaks 
w, weak; this argument leads to 	prediction 
CB and BCB conformations will be of lower 
were estimated visually: s, strong; m, medium; 
vw, very weak. Infrared (i.r.) spectra were recorded on a 
energy than the ccc one, it is hoped that low Beckman model IR5A spectrophotometer. Nuclear mag- 60 
temperature n.m.r. studies will give some in- netic resonance (n.m.r.) spectra were measured at MHz in chloroform-d with tetramethylsilafle (t 10.00) as 
sight into matters relating to the rate of ring in- 
and to the nature of the conformational version 
internal standard, and in deuterium oxide with sodium 
4,4dimethyl4,4silaPentafle1uolte (t 10.00) as in- • 
equilibria. ternal standard. 
4 
Experimental 
Melting points are uncorrected and were determined 
with a Fisher-Johns apparatus. Microdistiliations were 
carried out on a GallenkamP heating block. Optical ro-
tations were measured using a Bendix ETL-NPL auto-
matic polarimeter (type 143A) at 21 ± 2°. Paper chroma-
tography was carried out on Whatman No. 1 and 3 MM  
2,3 :2,3 '-D 1-0 -benzy/id 	orthofarose 1,5':]',5- 
Dianhydride (1) 
2,3 :2',3 	 1,5':I',5-di- 
anhydride (I) was prepared from D-ribose (10 g) accord-
ing to the method of Wood et al. (3). Recrystallization 
from acetone gave the product (1) (5.5 g, 38%), M.P. 
200-201 °, [a]0 -41.40 (c, 0.66 in chloroform); 
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(Nujol) 13.1, 14.4 pm (Ph), no absorption attributable to 
OH. For this compound, m.p. 197-198°, [ci]0 -36.3° 
(c, 1.1 in chloroform) have been reported (3). 
Di-I1-D-ribofuranosc 1,5' :1',5-Dianhydridc (2) 
Di-f3-n-ribofuranose 1,5':l',5-dianhydride (2) was pre-
pared by catalytic hydrogenation over 10% palladium on 
carbon of the di-O-benzylidene derivative (1) (5.0 g) 
according to the procedure of Wood et al. (3). Recrystal-
lization from ethanol gave the dianhydride (2) (2.0 g, 
67%), m.p. 224-227°, [cz]D ±6.8° (c, 1.06 in water); 
k,,, (Nujol) 3.0 jim (OH); n.m.r. data in deuterium oxide: 
t 5.01 (2-proton singlet, H-1,1'). Barker and Lock (1) 
report m.p. 229°, [a]o 195  +11° (c, 0.68 in water). 
Jeanloz ci al. (2) report a corrected value of [t]D2° 
+7.8* for the original value of [] +78° reported by 
Bredereck ci al. (4); the latter authors report m.p. 229-
230°. Wood ci al. (3) report m.p. 230-232°, [t] + 9.5' 
(c, 1.4 in water). 
Partial Acid Hydrolysis of Di-f3-n-ribofuranose
Dianhydride (2) and Characterization of 5-0-0 -D-
Ribofuranosyl-D-ribose (5) 
In a trial experiment, the dianhydride (2) (20 mg) 
was heated on a steam bath with 0.01 N sulfuric acid 
(6 ml). The progress of partial acid hydrolysis with time 
was followed paper chromatographically in solvent (c). 
After 2 h, the relative intensity of a slow moving spot 
with RRIb 0.39 was at a maximum compared with the 
intensities of spots corresponding to ribose and the di-
anhydride (2) (RR,b 0.97, not detectable with either 
aniline oxalate or alkaline silver nitrate, but developed 
with the periodate-permanganate spray reagent). Pro-
longed acid hydrolysis (16 h) yielded only ribose. 
The dianhydride (2) (600 mg) was heated on a steam 
bath with 0.01 N sulfuric acid (180 ml) for 2 h. On cool-
ing, the solution was neutralized with barium carbonate, 
filtered, treated with Amberlite resin IR-120 (H form) 
and concentrated to a syrup, which was chromato-
graphed in solvent (c) on Whatman No. 3MM papers to 
separate a pure syrupy disaccharide, 5-0-0-o -ribofura-
nosyl-D-ribose (5) (45 mg, 7%), [ci] o +24° (c, 0.71 in 
water), ERR lb 0.79 in solvent (a) and 0.43 in solvent (b)] 
from ribose and the dianhydride (2). Hydrolysis of the 
ribobiose (5) with 0.1 N sulfuric acid at 100° for 3 h gave 
only ribose. 
A portion (10 mg) of the syrupy disaccharide was 
methylated (two successive treatments) with methyl 
iodide (1 ml) and silver oxide (1 g) in NN-dimethyl for-
mamide (1 ml). Gas-liquid chromatography of the meth-
anolysis products revealed peaks with retention times 
corresponding to authentic methyl glycosides of 2,3,5-
tn- (13) [(i), T0.76 s, 1.25 vw; (ii), T 0.69 s, 1.18 vw] and 
2,3-di-0-methyl-D-ribose (14) [(1), T 1.42 m, 1.91 s; 
(u), T 1.33 m, 1.85 s]. Hydrolysis of the methyl glyco-
sides with 0.5 N sulfuric acid at 100° for 4 h followed by 
paper chromatography in solvent (b) confirmed the pres-
ence of 2,3,5-tn- (12) [R0 0.92, black spot (pink under 
ultraviolet (u.v.) light) with aniline oxalate] and 2,3-di-
0-methyl-D-nibose (15) [R0 0.77, blackish-pink spot 
(pink under u.v. light) with aniline oxalate]. 
More ribobiose (5) (75 mg, 1 4%) was obtained by 
partial acid hydrolysis (see above) of the dianhydnide (2) 
(500 mg). The disaccharide (75 mg) was dissolved in  
water (20 ml) and sodium borohydride (75 mg) was 
added. After the reaction mixture had been allowed to 
stand at room temperature for 16 h, excess of boro-
hydride was destroyed by addition of Ambenlite resin 
IR-120 (H form) to the reaction mixture. The resin was 
filtered off, the solution treated with charcoal, filtered 
again, and the filtrate concentrated to a syrup. Paper 
chromatographic examination showed the presence of a 
reduced disaccharide, 5-0-13-D-ribofuranosyl-D-ribitol  (6) 
[RR,bO.59 in solvent (a) and 0.32 in solvent (b)J, and trace 
amounts of ribitol [Ra,b 0.80 in solvent (a) and 0.75 in 
solvent (b)] and ribose. The syrup was chromatographed 
in solvent (b) on Whatman No. 3MM papers to give 
pure 5-0-0-D-ribofuranosyl -D-ribitol (6) (23 mg, 31 %), 
[tL]D -26° (c, 0.78 in water); n.m.r. data in deuterium 
oxide: r 4.95 (1-proton broadened singlet, width at half-
height 3.8 Hz, H-i). Using a polarographic technique 
(14), the following values for the uptake of periodate 
with time were obtained: 2.80 moles per mole, 40 min; 
3.38 moles per mole, 60 mm; 3.73 moles per mole, 80 
mm; 4.19 moles per mole, 100 mm; 5.30 moles per mole, 
110 mm; 6.25 moles per mole, 120 mm (see Fig. I). 
2,3,5-Tri-0-mefhy!-D-ribose (12) 
2,3-0-Benzylidene-n-nibofuranose (8) was prepared 
from D-ribose (5.0 g) according to the method of Wood 
ci al. (3). Recrystallization from benzene gave a product 
(3.8 g, 48%),  m.p. 120-121°, [a]o  -26.6° (c, 1.02 in 
methanol), -25.6° (c, 0.98 in chloroform); (Nujol) 
3.1 (OH), 13.1, 14.3 jim (Ph). For this compound, m.p. 
123-124°, [ci]D -26.6° (c, 0.6 in methanol), -22.4° 
(c, 1.4 in chloroform) have been reported (3). The 
benzylidene compound (8) (500 mg) was dissolved in 
tetrahydrofuran (10 ml) and dimethyl sulfate (15 ml) 
and powdered sodium hydroxide (3 g) were added. The 
reaction mixture was shaken for 16 hat room temperature 
and then concentrated ammonia solution (5 ml) was 
added in stepwise fashion to the reaction mixture cooled 
in ice-water. Water (10 ml) was added and the mixture 
was stirred for 15 min before extracting the methylated 
product several times with chloroform. The chloroform 
extracts were combined, dried (anhydrous sodium sul-
fate), filtered, and the filtrate concentrated to dryness to 
give a syrup. Thin-layer chromatography of the syrupy 
product in solvent (d) showed two spots, a major fast 
moving one with RE 0.83, and a minor slower moving 
one with RF 0.56. The starting material (8) had RF 0.30. 
The syrupy compound was distilled at 0.007 mm Hg and 
the fraction distilling between 90° and 120' was collected 
and shown to be a mixture of methyl 2,3-0-benzylidene-
5-0-methyl-o-ribofuranosides (9) (345 mg, 62%), [a]0 
-44.9° (c, 0.62 in chloroform); t.l.c. in solvent (1) 
showed two spots, a major one with RF 0.61 and a minor 
one with RE 0.39. The starting material (8) had RF 0.21. 
For a similar mixture of methyl glycosides, Wood ci al. 
(3) reported [a]0  - 40.5° (c, 4.3 in chloroform). 
The mixture of methyl ribofuranosides (9) (300 mg) 
was hydrogenated over 10% palladium on carbon as 
described by these authors (3) to give methyl 5-0-methyl-
D-ribofuranosides (10) (175 mg, 88%), [a]0  -23.9° (c, 
0.36 in methanol); R F  0.14 in solvent (f). Wood ci al. (3) 
have reported a similar mixture of methyl glycosides to 
have [aID -32.4° (c, 1.5 in methanol). Methyl 5-0-
methyl-D-ribofuranosides (10) (148 mg) were methylated 
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with dimethyl sulfate (2 ml) and powdered sodium hy- 
droxide (1 g) in tetrahydrofuran (3 ml) as described above 
for 2,30benzylidene-D-ribofUran05e (8) to give methyl 
2,3,5tri0methYl_D-rib0fUran0side5 (13) (122 mg, 71 %); 
t.l.c. in solvent (d) showed two spots, a major one with 
RF 0.56 and a minor one with RE 0.44. The methyl glyco- 
sides (13) (100 mg) were heated on a steam bath with 0.5 
N sulfuric acid 	(10 ml). 	Thin-layer chromatography 
indicated complete hydrolysis of the methyl glycosides 
(13) in 4 h. The cooled solution was neutralized with 
barium carbonate, filtered, treated with Amberlitc resin 
IR-120 (H form) and concentrated to a colored syrup, 
which was distilled at 0.02 mm Hg and the fraction dis- 
tilling over between 80° and 90° collected as a colorless 
syrup of 2,3,5-tri-0-methyl-D-ribOSe (12) (60 fig, 65 %), 
• [a]0 +46° (c, 0.77 in methanol); R 1 0.28 in solvent (d) 
and RG 0.92 in solvent (b) [black spot (pink under u.v. 
light) with aniline oxalate]. Gas-liquid chromatography 
of the methyl glycosides (13) obtained by refiuxing 2,3,5- 
tri-0-methyl-D-ribose (12) (10 mg) with methanolic 2% 
hydrogen chloride (10 ml) for 16 h indicated peaks with 
the following retention times: (i), T 0.76 s, 1.24 vw; 
(ii), T 0.70 s, 1.15 vw. Barker (9) reports [a]D +41.4° 
(c, 1.11 in methanol) for 2,3,5-tri-0-methyl-D-ribOSe (12). 
TetraO-acetyl-13-D-ribOfUraflOSe 1,5': l',5-Dianhydride (3) 
Di-1-u-ribofuranose 1,5':1',5-dianhydride (2) (380 mg) 
was acetylated (3) in the 	usual 	manner to yield a 
product, which was recrystallized from ethanol to give 
tetra0-acetyl-l3-D-ribofuraflose 1,5': 1 ',S-dianhydride (3) 
(443 mg, 86%), nip. 165-167 ° , [ci]D ±52.6° (c, 0.93 in 
chloroform); 	(Nujol) 5.72 pm (OAc), no absorption 
attributable to OH; n.m.r. data in chloroform-d: r 4.87 
(2-proton singlet, H-1,l'), t 4.45-4.60 (2-proton doublet, 
= J2 .3. 	5.0 	Hz, 	H-2,2'), 	'r 	4.10-4.37 	(2-proton 
quartet J2 . 3 = J2 .3. 5.0 Hz, f 3 . 4 = f 3 ., 4  7.3 Hz, H-3,3') 
(see Fig. 2); t 5.62-6.35 (multiplets of an ABX system, 6- 
protons, H-4,4', 5a, 5a', 5e, 5e' with J, 
13.5 Hz, J4 , 50 = J4 . 50 ' 1.5 Hz, and J4 , 50 = f 4 , 5c 	1.5 
Hz) (see Fig. 4); r 7.83, 7.89 (12-protons, OAc groups 
on C-2,2' and C-3,3'). For this compound, m.p. 169° 
(4), 168.5-169.5 °  (1), 171-172° (3) and [a]0  +53.5° (c, 
1.03 in chloroform) (3) have been reported. 
Teira-0-,netliyl-I1-D-ribofuraflOSe 1,5': 1 ',5-Dia,z/zydride(4) 
Tetra-0-methyl-3-o-ribofuranOse 1,5':1',5-dianhydride 
(4) was prepared from the tetraacetate (3) (250 mg) 
according to the method of Barker and Lock (I). Re-
crystallization from petroleum ether (b.p. 60-80°) gave 
the compound 4 (26 mg, 9%), m.p. 125-126°; n,m.r. 
data in chloroform-d: -r 5.00 (2-proton singlet, H-1,1'), 
T 5.63-5.88 (2-proton quartet, J2 ,3 = f2 ., 3 . 4.2 Hz, 
= f3 '. 4 ' 7.8 Hz, H-3,3'), 'r 5.91-6.12 (2-proton 
multiplet, J3 ,4 =.J3.,4 . 7.8 Hz, H-4,4'), t 6.12-6.33 (6-
proton multiplet, H-2,2', 5a, Se, 5a', Se'), t 6.48 9 6.55 
(12-protons, OMe groups on C-2,2' and C-3,3'). Barker 
and Lock (1) have reported m.p. 129.5-130° for this 
compound. 
2,3-Di-O-,nelhyl-D-ribose (15) 
Tetra- O-methyl-D-ribofuranose 1,5':l',5-dianhydride 
(4) (5 mg) was heated under reflux in methanolic 2% 
hydrogen chloride (15 ml) for 16 h. Gas-liquid chroma-
tography of the methanolyzate revealed peaks with 
retention times corresponding to the methyl glycosides  
(14) of 2,3-di-0-methyl-D-ribose [(i), T 1.39 m, 1.91 5; 
(ii), T 1.34 m, 1.85 sJ. Hydrolysis of the methyl glyco-
sides (14) with 0.5 N sulfuric acid at 100° for 4 h 
followed by paper chromatography in solvent (b) con-
firmed the presence of 2,3-di-0-methyl-D-ribose (15) 




Di-13-D-ribofuranose 1,5':1',5-dianhydride (2) (1.3 g) 
was dissolved in water (30 ml) and a solution of sodium 
metaperiodate (2.6 g) in water (30 ml) was added. The 
reaction mixture was allowed to stand at 26° for 9 h. 
After excess of periodate and iodate had been pre-
cipitated with a 10% aqueous barium chloride solution, 
sodium bOrohydride (650 mg) was added to the filtered 
solution. The reaction mixture was allowed to stand at 
26°. After 16 h, excess of borohydride was destroyed by 
addition of dry ice and the solution was concentrated to 
dryness. The residue was extracted several times with hot 
ethanol and the combined extracts were concentrated to 
a syrup, which was acetylated in the usual manner with 
acetic anhydride (25 ml) in dry pyridine (30 ml). The 
acetylation mixture was poured into ice-water (500 ml) 
and allowed to stand for 1 h before being extracted 
several times with chloroform. The chloroform extracts 
were combined, washed with saturated sodium bicar-
bonate solution, washed with water, dried over an-
hydrous sodium sulfate, filtered, and the filtrate con-
centrated to a syrup, which migrated as one spot on t.l.c. 
in solvent (e). This product was distilled (0.003 mm Hg) 
at 200-210° to give a yellow syrup, which started to crys-
tallize after h. Recrystallization from ether - petroleum 
ether (b.p. 60-80°) led to the isolation of needle-shaped 
crystals of 2,4,7,9-tetraacetoxymethyl- I ,3,6,8-tctraoxacy-
•clodecane (16) (1.44 g, 67%), m.p. 66-67°, [a]0 + 15.6° 
(c, 0.82 in chloroform); R 1 0.50 in solvent (e); ?,,, 
(Nujol) 5.78 urn (OAc), no absorption attributable to 
OH; n.m.r. data in chloroform-d: t 4.96-5.21 (2-proton 
triplet, J 5.4 Hz, H-2,7), t 7.93 (12-proton singlet, OAc 
groups on C-2,4,7,9). 
Anal. Calcd. for C 18 H 280 12 : C, 49.6; H, 6.55. 
Found: C, 49.3; H, 6.43. 
2,4,7,9Tetrahydroxy,nethy1-1,3,6,8-1etraOXaC)'ClOdeCalC 
 
The tetraacetate (16) (1.1 g) was dissolved in methanol 
(40 ml) and 2 drops of a 7% solution of sodium in 
methanol were added. The course of the de-O-acetylation 
was followed by t.l.c. in solvent (e) and the reaction 
appeared to be complete after 2 h. Dry ice was added to 
the methanolic solution after 4 h, the solution was fil-
tered, and the filtrate was concentrated to a crystalline 
product. Recrystallization from ethanol yielded 2,4,7,9-
tetrahydroxymethyl -1,3,6,8 -tetraoxacyclodecane (17) (640 
mg, 95%), rn.p. 121-122°, [a]D +24.7° (c, 0.53 in water); 
?moo (Nujol) 3.08 uim (OH); n.m.r. data in deuterium 
oxide: -r 5.02-5.26 (2-proton triplet, J 5.5 Hz, H-2,7). 
Anal. Called. for C 10H 200 8 : C, 44.8; H, 7.52. Found: 
C, 44.6; H, 7.51. 
Acid Hydrolysis of 2,4 ,7 ,9-Tet rahydroxyinetliyl-1 ,3 ,6 ,8-
tetraoxacyclodecane (17) 
The tetraalcohol (17) (10 mg) was dissolved in N 
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sulfuric acid (10 ml) and allowed to stand at 26°. After 
2 days, the solution was neutralized with barium car -
bonate, filtered, and the filtrate was treated with Amber -
lite resin IR-120 (H form). Sodium borohydride (10 mg) 
was added to the solution and it was allowed to stand at 
26° for 16 h. Excess of borohydride was destroyed with 
dry ice, and the solution was concentrated to a residue 
several times with methanol. Paper chromatographic 
examination of the residue in solvent (b) showed the 
presence of glycerol (18) and ethylene glycol (19). 
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Conformational Studies on 1,3-Dioxepans. Part I. 1,3:2,5:4,6-Tri-0-
methylene-D-mannitol and Some Related Compounds 
By T. B. Grindley, J. F. Stoddart, and W. A. Szarek,' Department of Chemistry, Queen's University, Kingston, 
Ontario, Canada 
N.m.r. studies on 1,3:2.5:4.6-tri-O- methylene- D- man flitol (in thionyl chloride from ambient temperature down to 
—82') and on 1.3:4.6.diObenzylidene-2.5-0-methyIene-D-mannitOl indicate that the 2,5-0-methylene protons 
are magnetically equivalent. This may be interpreted in two ways. Either the 1 ,3-dioxepan ring is undergoing a 
fast ring-inversion process or it exists predominantly in the conformationally stable twist-chair (TC) or twist-boat 
(TB) forms, in which the 2,5-0-methylene protons are magnetically equivalent on account of C2 symmetry. 
Conformational analysis predicts that the conformation containing the TC form is more stable than those containing 
the TB or chair (C) forms. It is also proposed that the TC form is the most stable for the 1 .3-dioxepan ring of 
1,3 :4,6di.O methylene2,5O.iSopropyIidene-D-mannitoI. 
THE conformational properties of cycloheptane and 
substituted cycloheptanes have been discussed by 
several investigators 1-4 over the last ten years. In more 
N. L. Allinger, J. Amer. Chem. Soc., 1959, 81, 5727. 
2 R. Pauncz and D. Ginsburg, Tetrahedron, 1960, 9, 40. 
(a) J. B. Hendrickson, J. Amer. Chem. Soc., 1961, 83, 4537; 
(b) ibid., 1962, 84, 3355; (c) Tetrahedron, 1963, 19, 1387; (d) J. 
Amer. Chem. Soc., 1964, 88, 4854; (e) ibid., 1967, 89, 7036; 
(f) ibid., 1967, 89, 7043; (g) ibid., 1967, 89, 7047.  
recent times, low-temperature n.m.r. studies on 1,1-di-
fluorocycloheptane, 1,1 ,3,3-tetrafiuorocycloheptane, and 
1,1 -difluoro-4,4-diméthylcycloheptane have yielded 5.6 
useful information on the conformational equilibria of 
E. L. Eliel, N. L. Allinger, S. J. Angyal, and G. A. Morrison, 
Conformational Analysis,' Wiley, New York, 1965. 
J. D. Roberts, Chem. in Brit., 1966, 2, 529. 
E. S. Glazer, Diss. Abs., 1966, 27, B, 1415. 
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seven-membered homocyclic rings. Although it seems 
likely that seven-membered heterocyclic rings should 
adopt conformations similar to those of their homocyclic 
analogues, 7  little evidence in support of this view is 
available. Our interest in the conformational 
properties of medium heterocyclic rings from carbo-
hydrate precursors has led us to investigate the con-
formational properties of the 1,3-dioxepan ring of 




2,5_0-I'1cthylene-D-maflnitOl (1) was first prepared by 
Hudson and his co-workers 11 from 1,3:2,5:4,6-tri-0- 
methylene-D-maflnitol (2) and may be regarded as 
a 4,7di(hydroxymethyl)-5,6dihYdr0xY4 ,3-dioxepan. 
The conformational structure shown for this compound 
in Figure 1 is only one of several that may exist in the 
HOC 2H4e:2oK  
FIGURE 1 One of the possible conformations of 4,7-di- 
(hvdroxymethyl).5.6-dihydrOXy- 1,3-dioxepan 
pseudorotational itinerary of the 1,3-dioxepan ring in 
the twist-chair (TC) form. In this paper we discuss 
the conformational consequences of some results obtained 
from n.m.r. studies on 1,3:2,5:4,6-tri-0-methylene-D-
manriitol (2) and some related compounds. 
Figure 2 shows that 1,3:2,5:4,6-tri-0-methylene-
D-maflflitOl (2) contains a 1,3-dioxepan ring trans-
fused to two 1,3-dioxan rings at positions 4e and 5e, 
and 6e and 7e of the 1,3-dioxepan ring* of 2,5-0-
methylefle-D-manflitol (1). An examination of a mole-
cular model of 1 ,3:2,5:4,6-tri-O-methylefle-D-maflflitOl (2) 
shows that the 1,3-dioxepan ring may assume a twist-
boat (TB) (2a), a chair (C) (2b), or a twist-chair (TC) 
(2c) conformation. By a process of ring-inversion, the 
1,3-dioxepan ring could conceivably undergo a de-
generate interconversion 12 of the type TB C 
TC 	C 	TB. The TB and TC conformations 
have a simple two-fold axis of symmetry passing 
* A numbering system with respect to D-mannitol will be 
adhered to in this article unless otherwise stated. 
F. G. Riddell, Quart. Rev., 1967, 21, 364. 
8 J. F. Stocldart and W. A. Szarek, Canad. J.Cliem., 1968, 48, 
3061. 
P. A. Lockwood, J. F. Stoddart, and W. A. Szarek, sub- 
mitted for publication. 
I° T. B. Grindley, J. F. Stoddart. and W. A. Szarek, Canad. J. 
Chem., in press. 
through their 2,5-0-methylene carbon atoms and the 
centres of their C(3)-C(4) bonds. 
The n.m.r. spectra of 1,3:2,5:4,6-tri-0-methylene-D-
mannitol (2) show sharp two-proton singlets for the 
2,5-0-methylene protons in deuteriochloroform and in 
thionyl chloride (Figure 3). No change occurred in the 
spectra taken in deuteriochioroform, when the temper -
ature was lowered to -52°. Even at -82° in thionyl 
chloride, the two protons still appeared as a singlet. 











RH. R'= H 
RH, W= Ph 
R=CH3,R'H 
FIGURE 2 The TB (a), C (b). and TC (c) forms of 1,3:2,5:4,6-tn-
0-methylene-D-mannitol (2), 1, 3:4,6-di-O-benzylidene-2. 5-0-
methylene-u-mannitol (3), and 1 ,3:4,6-di-0-methylene-2,5-O-
isopropylidene-D-mannitol (4) 
may be interpreted in two ways. Either 1,3:2,5:4,6-tn-
0-methylene-D-mannitol (2) exists in solution pre-
dominantly in the conformationally stable TC or TB 
forms, where the 2,5-0-methylene protons are equivalent 
on account of C2  symmetry, or the molecules are ex-
periencing a process of rapid ring-inversion between 
two degenerate C forms. Intuitively, the former explan-
ation of conformational stability and magnetic equiva-
lence of the 2,5-0-methylene protons appears to be more 
reasonable for a trans-fused tricyclic system. In addi-
tion, the high melting-point (227-228°) of 1,3:2,5:4,6-
tni-0-methylene-D-mannitOl (2) is indicative of con-
formational rigidity (cf. ref. 13). A comparison of the 
' A. T. Ness, R. M. Hann, and C. S. Hudson, J. Amer. Chem. 
Soc., 1943, 65, 2215. 
11 K. Mislow. Introduction to Stereochemistry,' Benjamin, 
New York, 1966, p. 74. 
13 W. T. Haskins, R. M. Hann, and C. S. Hudson, J. Amer. 
Chem. Soc., 1943, 65, 67; R. Allerton and H. G. Fletcher 
J. Amer. Che,n. Soc., 1954, 78, 1957. 
TB 
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calculated dihedral angles between trans-substituents 
on the cycloheptane ring (ca. 1000 for TB, Ca. 44° for 
TC, and ca. 500  for C) corresponding to trans-substituents 
on the C-4 and C-5, and the C-6 and C-7 positions of the 
1,3-dioxepan ring (1), indicates that the TC or C forms 
will be preferred to the TB one in 1,3:2,5:4,6-tri-0-
nlethylene-D-mannitol (2), where two 1,3-dioxan rings 
are trans-fused to the C-4 and C-5, and the C-6 and C-7 
H0 
FIGURE 3 A partial n.m.r. spectrum of 1,3:2,5:4,6-tri-0-meth-
ylene-D-mannitol (2) in thionyl chloride at ambient 
temperature 
CS H3 	 H3 
5 	 0 
C 
H4 	 03 
H4 
C3 .. C4 	 C3.C4 
TB and C 	 TC 
(a) 	 (b) 
FIGURE 4 Newman projections along the C(3)—C(4) bond of 
the TB, C, and TC conformations of compounds (2), (3), and 
(4) 
positions of the 1,3-dioxepan ring system. Moreover, 
a consideration (see Figure 4) of the Newman projections 
along the C(3)-C(4) bond in the three conformations 
(2a, 2b, 2c) of 1,3:2,5:4,6-tri-0-methylene-D-mannitol (2) 
shows that there is an unfavourable eclipsed-like dipole 
interaction between the C(3)-0(3) and C(4)-0(4) bonds 
in the case of the TB and C conformations which is 
absent in the TC conformation. Also, non-bonded 
interactions between the protons on the 2,5-0-methylene 
carbon atom and the other axial protons on the 1,3-dioxe-
pan ring will be at a minimum, when the seven-membered 
ring is in the TC conformation. In the C conformation 
there is a serious H-H repulsion between the axial proton 
on the 0-methylene group and the axial proton on C-5 of 
the 1,3-dioxepan ring system. This repulsion will be 
more serious than that in cycloheptane 3a  on account of 
the fact that the C-O bond is shorter than the C-C bond. 
14 R. U. Lemieux and J. Howard, Canad. J. Chem., 1963, 
41, 393. 
The TB and TC conformations provide minima for the 
repulsion energy of the approaching and receding 
H-H pair involving the 0-methylene protons and the 
axial protons on C-5 and C-6 of the 1,3-dioxepan ring, 
but just as in the case of cycloheptane,° this repulsion 
will be less for the TC conformation and so it will be 
more stable than the TB conformation. The above 
argument indicates that the 1,3-dioxepan ring in 
1 ,3:2,5:4,6-tri-O-methylene-D-mannitol (2) is most stable 
when it is in the TC conformation. This conclusion is 
consistent with all the n.m.r. spectral data. 
1 ,3:4,6-Di-O-benzylidene-2,5-O-methylene-D-maflflitol 
(3) was prepared from 2,5-0-methylene-D-mannitol." 
The n.m.r. spectrum of this di-O-benzylidene derivative 
also showed a two-proton singlet at r 515 for the 
0-methylene group. This observation is consistent 
with a stable TC conformation for the 1 ,3-dioxepan ring, 
where the two protons are once again magnetically 
equivalent. The signal for the methyl groups in the 
n.m.r. spectrum of 1 ,3:4,6-di-O-methylene-2,5-O-iso-
propylidene-D-mannitol (4), a novel seven-membered 
cyclic acetal prepared by acetonation of 1,3:4,6-di-0-
methylene-D-mannitol,' 1 ' 13 appeared as a six-proton 
singlet again presumably on account of magnetically 
equivalent methyl groups being attached to the axis 
carbon atom of the seven-membered ring in the TC 
conformation. The evidence for the TC conformation 
in this case is even more convincing, because the bulky 
methyl groups would destabilise the C or TB conform-
ations. 
The A signals at low field for the equatorial protons 
on the 0-methylene groups of the 1,3-dioxan rings of 
1 ,3:2,5:4,6-tri-O-methylene-D-mannitol (2) (Figure 3) 
and 1 ,3:4,6-di-O-methylene-2,5-O-isopropylidene-D-man-
nitol (4) are slightly broader than the B signals for the 
geminal axial protons. Long-range couplings through 0 
atoms over four bonds 14.15  in a 'W' conformation 16 
no doubt accounts for this observation. 
EXPERIMENTAL 
M.p.'s were determined with a Fisher-Johns apparatus. 
Optical rotations were measured with a Perkin—Elmer 
Model 141 automatic polarimeter at 23 ± 2°. T.l.c. was 
carried out on glass microplates (40 x 90 mm.) coated with 
silica gel (Camag) and with chloroform—methanol (19: 1, 
v/v) as the eluant. The developed plates were air-dried, 
sprayed with 5% ethanolic sulphuric acid, and hated at 
about 150° . RF Values of sugars refer' to distances moved 
relative to that of the solvent front. Jr. spectra were 
recorded on a Beckman-IR5A spectrophotometer. N.m.r. 
spectra were measured on either a Varian A-60A or a 
Varian T-60 spectrometer in deuteriochloroform with 
tetramethylsi lane as internal standard. The frequencies 
used to derive the coupling constants were measured at 
sweep widths of 250 Hz or 100 Hz. Low-temperature 
n.m.r. spectra were recorded either in deuteriochioroform 
or thionyl chloride. 
15  J E. Anderson and J. C. D. Brand, Trans. Faraday SOC., 
1966, 62, 39. 
26 A. Rassat, C. W.' Jefford, J. Al. Lehn, and B. Waegell, 
Tetrahedron Letters, 1964, 233. 
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1,3:2,5:4, 6-Tri-O-nzelhylene-D-mannitOl ( 2) .—The title 
compound (2) [imp. 227-228°, [] D —10680 (c, 22 in 
chloroform)] was prepared according to the procedure of 
Ness et al. 1 ' N.m.r. data in deuteriochlóroform: r 4'96, 
542 (4H AB quartet, 1,3:4,6-0'CH 2'0-protofls, JAB 6.3 Hz), 
'r 5'22 (2H, s, 2,5-0CH 2 0-protons). N.m.r. data in thionyl 
chloride (see Figure 3): 'r 504, 549 (4H AB quartet, 
1,3:4,6-0CH 2 0-protOns, JAB 62 Hz), 'r 5'27 (214, s, 
2,5-0'CH 2'0-protons). 
1 	 (3). 
_2,5-0-Methylene-D-mannitOl 11 [m.p. 1731740, []D 
—47.4° (c, 1•2 in water)] (10 g.) was shaken for 4 hr. at 
room temperature with benzaldehyde (20 ml.) and zinc 
chloride (10 g.). The resulting fine needles (16.5 g.) were 
filtered oft and washed with ethanol (100 ml.). More 
product was obtained after storing the filtrate and wash-
ings at 5° for 2 days (total yield, 91%). Recrystallisation 
of the product from ethanol yielded 1,3:4,6-di-O-beflzyl-
idenc2,50methylene-D-manflit0l (3), m.p. 255-257 0 , 
—1349° (c, 1'7 in chloroform); RF 0'76 (Found: C, 
683; H, 61. C2,H2206 requires C, 681; H, 60%); 
'rnax. 
(Nujol) 134, 144 tim. (Ph), no absorption attributable 
to OH; n.m.r. data in deuteriochlorofOrm 'r 235-276 
(10H, m, 2 Ph groups), 448 (2H, s, 2 benzylidene-
n,ethine protons), 515 (2H, s, 2,5-0CH 2 0-protofls). 
1,3:4, 
(4) ._1,3:4,6DiOmethylene-D-maflnit0l ' [m.p. 208-212 °, 
[]D —887° (c, 12 in water)] (250 mg.) was dissolved in 
acetone (35 ml.) and shaken overnight with zinc chloride 
(500 mg.) and concentrated sulphuric acid (1 drop). The 
reaction mixture was filtered, neutralised with sodium 
hydroxide solution, filtered, and the filtrate concentrated. 
The resultant syrup was taken up in chloroform (30 ml.), 
washed with water (3 x 25 ml.), dried (MgSO 4), filtered, 
and the filtrate concentrated to give a crystalline product. 
Recrystallisation from ethanol and then from aqueous 
ethanolyielded 1,3:4, 6diOmethylene2,5-O-i5OPrOpYlideflC 
n-mannitol (4) (267 mg., 89%), imp. 1115-1125 °, [a],, 
—465° (c, 1'2 in chloroform); Rr 065; (Found: C, 540; 
H, 726. C,,H,806 requires C, 53'7; H, 737%); 
(KBr disk) 720, 726 ltm. (isopropylidene group); n.m.r. 
data in deuteriochloroform: T 463, 486 (4H AB quartet, 
1.3:4,6-0'CH 2 0-protOfls, JAB 63 Hz), 'r 8'69 (6H, s, 
2CH 3  groups). 
The authors thank •Professor J. K. N. Jones for his 
interest and encouragement, and the National Research 
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Conformational Studies on 1,3-Dioxepans. Part II.' 1,3:2,5:4,6-Tri-O-  
ethyl idene-D-manQitol and Some Related Compounds 
By T. B. Grindley, J. F. Stoddart, and W. A. Szarek, Department of Chemistry, Queens University, Kingston, 
Ontario, Canada 
1.3:2.5:4.6-Tri-O-ethylidene-D-mannitol and 2.5-O- ethyl idene-1 .3:4.6-di-0-methylene-D-mannitol exist in 
one stable configuration. On the basis of n.m.r. studies and the comparative stabilities of the twist-chair (TC). 
twist-boat (TB), and chair (C) conformations for a seven-membered ring, it is suggested that the 1,3-dioxepan 
rings exist predominantly in the TC form. The chemical shift data for the O-ethylidene methine and methyl protons 
in the 1.3-dioxan and dioxepan rings of the above-mentioned derivatives and of 1.3:4.6-di-O-ethylidene-2.5-0-
methylene-D-rnannitol are compared. 
RECENTLY,' n.m.r. studies on 1 ,3:2,5:4,6-tri-O-methyl-
ene-D-mannitOl (1) and 1 ,3:4,6-di-O-benzylidene-
2,5-O-methylene-D-mannitol (2) indicated that the 
2,5-0-methylene protons are isochronous. t Molecular 
models showed that the 1 ,3-dioxepan ring may assume 
any of three discrete conformations, a twist-boat (TB), 
a chair (C), or a twist-chair (TC). By a process of ring-
inversion, the seven-membered ring could conceivably 
undergo an interconversion of the type 
/TC\ 
C\/ 
where the two C forms are degenerate. As shown in 
Scheme 1, the TB and TC conformational types have a 
C2 axis of symmetry passing through their 2,5-0-methyl-
ene carbon atoms and the centres of their C(3)-C(4) 
bonds. As a consequence, the two 0-methylene protons 
may be interchanged by a C2 symmetry operation and 
are therefore equivalent.t On the other hand, in the 
degenerate C conformational types shown in Scheme 2, 
the two 0-methylene protons are diastereotopic. t 
The observation' that the protons are isochronous 
means that either the 1 ,3-dioxepan ring is undergoing 
a fast inversion process between two degenerate C 
forms or it exists in the stable TC or TB form. Argu-
ments 1  employing the tenets of conformational analysis 
predict that the conformation containing the TC 
form is more stable than those containing the TB or 
C form. It has also been shown 1  that the methyl 
t The terms isochronous,' 'equivalent,' and ' diastereotopic' 
are used as described or defined by Mislow and Raban. 
1 T. B. Grindley, J. F. Stoddart, and W. A. Szarek, J. Chem. 
Soc. (B), 1969, 172.  
groups of the isopropylidene group of 2,5-0-isopropyl- 
idene-1 ,3:4,6-di-0-methylene-D-mannitol (3) are iso- 




R1 =H,R'=H,R3 =H 
Ri=H,R2=  Ph, R3=H 
R' = Me, R2 = H, R3 = Me 
R' = Me, R2 = Me, R3 = H 
R'= Ale, R2 =H,R3 =H 
R=H,R= Ale, R3 =H 
SCHEME 1 The TB and TC forms of 1,3:2,5:4,6-tri-0-methyl-
ene-n-mannitol (1). 1 ,3:4,6-di-O-henzylidene-2,5-O-methylene-
D-mannitol (2). 2,5-0-isopropylidene-1 ,3:4.6-di-O-methylene-
D-manflitOl (3), 1 ,3:2,5:4,6-tri-O-ethylidene-u-mannitol (4), 
2,5-0-ethylidene-1,3:4,6-di-0-methylcne-u-mannitol (5). and 
1.3:4,6-di-O-ethylidene-2,5-0-methvlene-D-mannitol (6) 
chronous, and it has been proposed that the TC form 
is the most stable for the 1,3-dioxepan ring of this novel 
K. Mislow and M. Raban, 'Stereoisomeric Relationships 
of Groups in Molecules in 'Topics in St&cochcniistrv,' ed 
N. L. Allinger and E. L. Eliel, Wiley, New York, 1967, p. 1. 
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seven-membered cyclic acetal. D-MannitOl also forms 
1 ,3:2,5:4,6-tri-O-ethylidene-D-mannitol (4). In this 
tri-O-ethvlidene derivative, it has been claimed" that a 





I Iwhen R'k' 
I 
R 2 \Tr\ 	H 
R1 =H,R2 =H,R3 =H 
R1=H,R2= Ph, R3 =H 
R1 = Me, R2 = H, R3 = Me 
R' = Me, R2 = Me. R3 = H 
R1 =Me, R2 = H. R3 = H 
R'=H,R2 = Me, R3 ==H 
SCHEME 2 The two degenerate C forms of 1,3:2,5:4,6-tri-0-
methylene-n-mannitol (1), 1 ,3:4,6-di-O-bcnzylidene-2,5-O-
methylene-n-mannitol (2), 2,5-0-isopropylidene- 1 ,3:4,6-di-
O-methylene-n-mannitol (3), and 1,3:4,6-di-O-ethylidene-2,5-
0-methylene-D-mannitol (6). 1,3:2,5:4,6-Tri-O-ethylidene-
D-mann.itol (4) and 2,5-0-ethylidene-1,3:4,6-di-0-1nethyene-
n-mannitol (5) in two discrete C forms 
ring and that a configurational assignment made pre-
viously by Mills 5 is erroneous. We suggest that this 
criticism is unjustified and that the tri-O-ethylidene 
derivative exists in one stable configuration, and 
probably predominantly in one stable conformation as 
well. 
The structure in Scheme 3, proposed by Mills 5  for 
'1,3:2,5:4,6-tri-0-methylene-D-mannitol (1), has a C2 
axis of symmetry. Thus, substitution of either of the 
equivalent 0-methylene protons on the axis carbon atom 
by a methyl group will give identical structures. This 
statement is also true for the TC and TB conformations 
of 1,3:2,5 :4,6-tri-O-methylene-D-mannitol (1) (Scheme 
1). In the case of one of the C conformations shown in 
Scheme 2, there is considerable CH 3-11 repulsion between 
* Although the possibility of acetal ring migration during 
the acid-catalysed ethvlidenation of 1,3:4,6-di- and 2,5-0-
rnethylene-D-mannitol exists, the n.m.r. spectroscopic data for 
the products indicate that migration did not occur. 
As in the n.m.r. spectra I of 1,3:2,5:4,6-tri-0-methylene-
D-mannitol (1) and 2,5-0-isopropylidene-1 ,3:4,6-di-0-methylene-
D-mannitol (3), the A signals at low field for the equatorial 
protons of the 0-methylene groups of the 1,3-dioxan rings are 
slightly broader than the B signals for the geminal axial protons. 
Long-range couplings through oxygen atoms over four bonds 
in a W conformation 8 account for this observation.  
the axial methyl group of the O-ethylidene group and the 
axial proton on C4. In the other C conformation, the 
methyl group is equatorial and there is a less considerable 
H-H repulsion between the axial proton of the 0-ethyl-
idene group and the axial proton on C-3. Thus, only 
one of the C conformations is energetically viable. 
2,5-0-Ethylidene-1 ,3:4,6-di-O-rnethylene-D-mannitol 
(5) was prepared * by an acid-catalysed ethylidenation 
of 1,3:4,6-di-0-methylene-D-mannitol 6 with paralde-
hyde. The n.m.r. spectrum of the 0-ethylidene deriva-
tive (5) showed a four-proton AB quartet at 'r 517, 
which was assigned to the 1,3- and 4,6-0-methylene 






(1) R' = H, R = H 
(4) R' =Me, R2 = Me 
SCHEME 3 Mills' structures for 1,3:2,5:4,6-tri-0-methylcne-
n-mannitol (1) and 1 ,3:2,5:4,6-tri-0-ethylidene-D-mannitol 
(4). The tri-O-methylene derivative has a C2 axis of symmetry 
as shown 
for the 2,5-0-ethylidene methine proton, which was 
coupled to the 2,5-0-ethylidene methyl protons, giving 
a three-proton doublet at 874. For the stereochemical 
reasons given in Part 1,1 the TC conformation should 
be more stable than the TB or the C conformation. 
Experimental support for this statement from chemical 
shift data for 0-ethylidene methine and methyl protons 
in 1,3-dioxan and -dioxepan rings will be presented later 
in this discussion. However, if the TC conformation is 
preferred, 2,5-0-ethylidene-1 ,3:4,6-di-O-methylene-D-
mann itol (5) most likely exists in a distorted TC conform-
ation because of the existence of non-bonded interactions 
between the ethylidene methyl group and the axial 
protons on the same side of the seven-membered ring 
larger than those between the ethylidene methine 
proton and the 'equivalent' axial protons on the other 
side of the ring. 
J. Meunier, Compt. rend., 1889, 108, 408; Ann. c/mini. P/mys., 
1891, 22, 412; Bull. Soc. chim. France. 1903, 29, 735; Al. 
Delpine, ibid., 1901,25,574; V. Ettel, Coil. Czech. Chem. Comm., 
1930, 2, 457; E. J. Bourne and L. F. Wiggins, J. Chem. Soc., 
1948, 1933; E. J. Bourne, G. T. Bruce, and L. F. Wiggins, ibid., 
1951, 2708. 
' R. U. Lemieux, 'Rearrangements and Isomerisations in 
Carbohydrate Chemistry.' in 'Molecular Rearrangements,' 
Part 2, ed. P. de Mayo, Wiley, New York,1964, p.  709. 
J. A. Mills, Adv. Carbohydrate Chem., 1955. 10, 1. 
6 W. T. Haskins, R. M. Hann. and C. S. Hudson, J. Amer. 
Chem. Soc., 1943, 65, 67; R. Allerton and H. G. Fletcher, ibid., 
1954, 76, 1957. 
R. U. Lemieux and J. Howard, Canad. J. Chem., 1963, 41, 
393; J. E. Anderson and J. C. D. Brand, Trans. Faraday Soc., 
1966, 62, 39. 
6 A. Rassat, C. W. Jefford, J. M. Lehn, and B. Waegell, Tetra-
hedron Letters, 1964, 233. 
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The n.m.r. data for 1.3 :2,5:4,6-tri-O-ethylidene-D-
mannitol (4) are also consistent with a distorted TC 
conformation. Comparison of this n.m.r. spectrum with 
that of 1 ,3:4,6-di-O-ethylidene-2 5-0-methylene-D-man-
nitol (6), obtained on acid-catalysed ethylidenation of 
2,5-0-methylene-D-mannitol 9 with paraldehyde, showed 
that in each case the six-proton doublets at 862 
(J = 50 Hz) are assignable to the 1,3- and 4,6-0-ethyl-
idene methyl groups and the two-proton quartets at 
5-29 (J = 5.0 Hz) to the corresponding ethylidene 
methine protons. In the tri-O-ethylidene derivative (4), 
the three-proton doublet at higher field (r 8.77) for the 
2,5-0-ethylidene methyl group is coupled (J = 5-4 Hz) 
to the one-proton quartet at lower field ( -r 5.02) for the 
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SCHEME 4 Newman projections along C-O bonds of the 
1,3-dioxan and 1,3-dioxepan rings 
If the lone-pair orbitals for the two electron pairs 
associated with each 0 atom are assumed to be orientated 
tetrahedrally,'° a qualitative stereochemical picture of 
the orientation of acetal C substituents with respect to 
these orbitals may be presented with the aid of Newman 
A. T. Ness, R. M. Hann, and C. S. Hudson, J. Amer. Chem. 
Soc., 1943. 65, 2215.  
projections. Scheme 4 shows that in the 1,3-dioxan 
rings (C form), equatorial protons or methyl groups are 
in staggered positions between the two lone-pair orbitals 
on each adjacent 0 atom, whilst axial protons are 
staggered between one of the lone-pair orbitals and an 
0-C bond associated with position 1 or 3 (or 4 or 6) of 
the D-mannitOl derivatives. N.m.r. spectra of 1,3:4,6-
di-0-methylene derivatives,' including 2,5-0-ethylidene-
1,3:4,6-di-0-methylene-D-mannitol (5), indicate that 
equatorial protons are deshielded with respect to axial 
protons. In the 1 3-dioxepan rings, the orientation of 
acetal C substituents with respect to the lone-pair 
orbitals on neighbouring 0 atoms is dependent on the 
conformation of the seven-membered ring. In the C 
conformation, the orientation is qualitatively similar to 
that in 1,3-dioxans (C forms). However, in the TB and 
TC conformations, acetal C substituents, which are in 
staggered positions between the lone-pair orbitals of one 
adjacent 0 atom, are staggered between one lone-pair 
orbital on the other adjacent 0 atom and the 0-C bond 
associated with either of the equivalent positions at C-2 
and C-5. Thus, the chemical shift of the 2,5-0-methyl-
ene protons in 1 ,3:2,5:4,6-tri-O-methylene-D-mannitol 
(1) would be expected to be intermediate between those 
of the axial (at higher field) and equatorial (at lowei 
field) protons of the 1,3- and 4,6-0-methylene groups. 
This has been observed.' Likewise, the 2,5-0-ethyl-
idene methine proton of 1,3:2,5:4,6-tri-O-ethylidene-
D-mannitol (4) should be deshielded with respect to 
the 1,3- and 4,6-0-ethylidene-methine protons, and 
the 2,5-0-ethylidene-methyl protons should he shielded 
with respect to the 1,3- and 4,6-0-ethylidene-methyl 
protons. The fact that this is the case supports the 
proposal that the 1,3-dioxepan ring of the tri-O-ethyl-
idene derivative (4) of D-mannitol is predominantly in 
the TC conformation, albeit slightly distorted. 
EXPERIMENTAL 
General methods are described in Part 1.1 
2,5-0-Ethylidene- 1,3: 4, 6-di-0-lnelhylene-D-nzannitol (5). 
_1,3:4,6-Di-0-methylene-D-mannitol 6 [m.p. 208-212 °, 
&tl D  -887° (c 12 in water)] (600 mg.) in paraldehyde (50 
ml.) was shaken overnight at room temperature with Con-
centrated sulphuric acid (1 drop). The mixture was neutral-
ised with potassium carbonate and filtered, and the filtrate 
was concentrated to a crystalline residue, which was re-
crystallised three times from ethanol to give long needles of 
2,5,0-et/iylidene-1 . 3:4,6-di-O -met hylene-D-mannitol (5) (550 
mg., 81%), m.p. 200-201°, [] -348 ° (c 1-0 in chloroform) 
(Found: C, 517; H, 685. C 10H1606 requires C, 51-7; H, 
6-94%), r (CDC],) 4-99 (1H, q, CH3 CH(, J = 5.4 Hz), 
517 (4H. ABq, 1,3: 4.6-0-CH 2 0 1  AVAB 27-0 Hz, JAB  
62 Hz). and 874 (3H, d, Me, J 5-4 Hz). 
1,3: 2,5: 4.6-Tri-O-ethy1idene-D-nannitol (4).-The title 
compound (4) [m.p. 1715-172-5 °, -720° (c 23 in 
chloroform)] was prepared according to the procedure of 
Bourne and Wiggins; 3 -r (CDCI 3) 5-02 (1 H, q, 2,5-CH3 .CH<1 
J 5-4 Hz), 5-29 (2H, q, 1,3- and 4,6-CH,CH(, J 5-0 Hz), 
10 E. L. Eliel and Sr. M. C. Knoeber, J. Amer. Chem. Soc., 
1968, 90. 3444; E. L. Eliel and C. A. Giza, J. Org. Chem., 1968, 
33. 3754. 
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862 (6H, d, 1,3- and 4,6-CH 3 CH(, J 50 Hz), and 877 
(3H, d, 2,5-CH 3 CH(, J 54 Hz). 
1,3 : 4,6-Di-O-el/zylidene-2, 5-O_methylene-D-n2annitol (6).-
2,5-0-Methylene-D-mannitol 9 [m.p. 173-174° , 
(c 12 in water)] (500 mg.) in paraldehyde (50 ml.) was 
shaken for 24 hr. at room temperature with concentrated 
sulphuric acid (1 drop). The mixture was neutralised with 
potassium carbonate and filtered, and the filtrate was 
concentrated to a dark crystalline residue, which was treated 
with decolourising carbon and then recrystallised from 
methanol—acetone and finally from acetone to give needles 
of 1,3: 	 (6) 
(320 mg., 54%), m.p. 208-209 °, [a]D —1091° (c 24 in 
chloroform) (Found: C, 540; H, 7.49. C11H 1906 requires 
C, 537; H, 7.37%), 'r (CDC1 3) 522 (2H, s, 2,5-0'CH 2 0), 
529 (2H, q,' 1,3- and 4,6-CH 3'CH(, J 5•0 Hz), and 862 
.(6H, d, 1,3- and 4,6-CH3'CH(, J 5.0 Hz). 
We thank Prof. J. K. N. Jones for his interest and 
encouragement, and the National Research Council of 
Canada for a grant. 
[8/1920 Received, December 30171, 1968] 
Isochronous and Anisochronous 0-Methylene Protons 
in Cyclic and Acyclic Acetals 
T. B. Grindley, J. F. Stoddart, and W. A. Szarek 
Contribulionfroir, the Department of Chemistry, Queen's University, 
Kings/on, Ontario, Canada. Received March 14, 1969 
Abstract: Configurational assignments are made to some cyclic and acyclic acetals on the basis of the nature of the 
signals for their 0-methylene protons in their pmr spectra. The three known 4,5: 9,10-biscyclohexano-1,3,6,8-
tetraoxacyclodecanes are assigned the lrans-syn-Irans, trans-anti-trans, and cis-anti-cis configurations and the di-
(trans-2-hydroxycyclohexyloxy)methanes with mp 80-82° and mp 102.5-103.5° are assigned to the mesa form and 
dl modification, respectively. 
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The reaction of dl-cyclohexane-trans-1,2-diol with methylene halides and sodium hydride in N,N-di- 
methylformamide is known' to yield mainly trans-hexa-
hydro- I ,3-benzodioxolane (1) together with small 
amounts of trans-hexahydro- I ,3,5-benzotrioxepane (2) 
and a 4,5 :9,1 0-biscyclohexano- 1,3 ,6,8-tetraoxacyclode-
cane (3).' On the basis of an AB quartet for the 0- 
C2 	 C2 
H1II HH"H 
?j<H 
methylene protons in the pmr spectrum of the tetraoxa-
cyclodecane (3), it was concluded' that the ten-mem-
bered ring is conformationally stable and exists in the 
BCB conformation, 2 which contains anisochronous 3 0-
methylene protons. This conformation (3a) may be 
obtained from the tetraoxacyclodecane with the tra,is-
syn-trans configuration 3. In this paper we seek to 
correct some misinterpretations of the significance of 
C2 
14 
o H  0 -x--x-- (37 o HIH o 	 BCB CONFORMATION 
3c 
3 
J. S. Brimacombe, A. B. Foster, B. D. Jones, and J. J. Willard, 
Chem. Co,nn,un., 174 (1965); J. Chem. Soc., C. 2404 (1967); J. S. 
Brimacombe, C/tern. Brig,, 2,99 (1966). 
(a) J. B. Hendrickson, J. Amer. Chem. Soc., 86, 4854 (1964); 
(b) J. B. Hendrickson, ibid., 89, 7036 (1967); (c) J. B. Hendrickson, 
ibid., 89, 7047 (1967). 
The terms "isochronous," "anisochronous," "equivalent," "enan-
tiotopic," and "diastereotopic" are used as described or defined by 
Mislow and Raban 4 in a recent review article. 
K. Mislow and M. Raban, in "Topics in Stereochemistry," N. L. 
Allinger and E. L. Elki, Ed., John Wiley & Sons, Inc., New York, 
N. Y., 1 967,pI.  
isochronous 3 and anisochronous 0-methylene protons 
in 4,5:9,10 - biscyclohexano- 1,3,6,8 - tetraoxacyclode-
canes and to assign configurations to some cyclic and 
acyclic acetals by comparison of the symmetry relation-
ships of their 0-methylene protons with the nature of 
the signals of these protons in their prnr spectra. 
Examination of the symmetry properties 4 ' 5 of the tet-
raoxacyclodecane 3 with a conformation ally unstable 
ten-membered ring shows that it has a a' plane perpen-
dicular to a C2 axis (point group, C s h). Thus, while the 
two 0-methylene groups are equivalent,' each pair 
of 0-methylene protons is diastereotopic. 3 The pmr 
spectrum of 3 shows a four-proton AB quartet (r 5.15, 
VA13 = 20.6 Hz, JAB= 7.2 Hz at 33°) indicating that 
each pair of 0-methylene protons is anisochronous as 
is to be expected from their diastereotopic relationship. 
Therefore, a careful consideration of the symmetry 
properties of the tetraoxacyclodecane with the tramis-
syn-trans configuration 3 shows that it is not necessary 
to propose' conformational stability of the ten-mem-
bered ring to explain the observation that the 0-meth-
ylene protons are anisochronous. 
Head', has shown that acid-catalyzed reaction of dl-
cyclohexane- trans- l,2-diol with formaldehyde yields, 
among other products, the diastereomeric mneso-dj-
(trans-2-hydroxycyclohexyloxy)methane (4) and d/-di-
(trans-2-hydroxycyclohexyloxy)methane (5), but was 
unable to assign structures to the two crystalline iso- 
$4H 
 qH 
HO HO 	HO HO 
H --------iH . 	H 	H 
4 	 5 
meric forms. Comparison of the symmetry properties 
of the two isomers shows that 4 has a a. plane (point 
group, C5), while 5 has a C2 axis (point group, C 2). 
K. Mislow, "Introduction to Stereochemistry," W. A. Benjamin, 
Inc., New York, N. Y.. 1966, p  23. 
F. S. H. Head, J. Chem. Soc., 1778 (1960). 
[Reprinted from the Journal of the American Chemical Society, 91. 4722 (1969).) 
Copyright1969 by the American Chemical Society and reprinted by permission of the copyright owner. 
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Thus, in the ineso isomer 4, the 0-methylene protons 
are diastereotopic, whereas they are equivalent in the 
dl isomer 5. Hence, in the pnir spectra, the 0-meth-
ylene protons of 4 and 5 should be anisochronous and 
isochronous, respectively. Indeed, this result was ob-
served. The isomer with nip 80-82° exhibited a two-
proton AB quartet (r 4.11, LXPAB = 14.2 Hz, JAB = 6.9 
Hz at 330)  and so has been assigned to rneso-di(irans-
2-hydroxycyclohexyloxy)methane (4). The other isomer 
with mp 102.5-103.5° gave a sharp two-proton singlet 
(r 5.18) and has been assigned to dl-di(trans-2-hydroxy-
cyclohexyloxy)methane (5). The tetraoxacyclodecane 
3 may be obtained' from the ineso isomer 4 by base-cat-
alyzed methylenation, and hence there is additional evi-
dence that 3 has the trans-syn-trans configuration. An-
other 4,5 :9, 10-biscyclohexano- I ,3,6,8-tetraoxacyclo-
decane (6) may be obtained' from the dl isomer 5 by 
base-catalyzed methylerlation, and hence 6 must have 
the trans-anti-trans configuration. Examination of the 
symmetry properties of 6 shows that it has three mutually 
H - H 




perpendicular C 2 axes (point group, D 2). Thus, the 
four protons of the 0-methylene groups are all equiv-
alent and hence would be expected to be isochronous. 
Indeed, a singlet was observed' in the pmr spectrum at 
T 5.13. 
Kyan and Owen 7 have recently reported the prepara-
tion from dl-cyclopentane-trans- 1,2-dithiol of a 2,2,7,7-
tetramethyl-4,5:9, 10- biscyclopentano- 1,3,6,8-tetrathia-
cyclodecane, a sample of which was kindly given to us 
by Dr. Owen. Since this compound showed a sharp 
12-proton singlet (r 8.46 in chloroform-d) for the four 
methyl groups in its pmr spectrum, it has been tenta-
tively8 assigned the trans-anti-trans configuration 7, 
C2 
7 
M. Kyan and L. N. Owen, J. Chem. Soc.. 1298 (1965). 
The observation that the protons are isochronous does not entirety 
rule out the possibility that the methyl groups in 7 and the 0-methylene 
protons in S are diastereotopic. Cases of accidental coincidence of 
pnsr signals are knows (see, for example, ref 4 and 9).  
which like 6 has three mutually perpendicular C 2 axes 
(point group, D2). 
Reaction of cyclohexane-cis- I ,2-diol with methylene 
bromide and sodium hydride in N,N-dimethylformani-
ide as described' yielded a 4,5:9,10-biscyclohexano-
1,3,6,8-tetraoxacyclodecane which has either a cis-anti-
cis (8) or cis-syn-cis (9) configuration as well as the 
main product, cis-hexahydro- I ,3-benzodioxolane (10). 
0 	 0 
H 	H 	
Jc H 	H 
°HH 0 r 
C—X—-C2  
	
0HH0 	 OHHO 
1-1 	 H 	H 	
H'1 H 
I 	 I 
8 	 9 
10 
Comparison of the symmetry properties of the two 
conformation ally unstable tetraoxacyclodecane isomers 
shows that one (8) has a o plane perpendicular to a C 2 
axis (point group, C 2 h) and the other (9) has two perpen-
dicular a- planes which intersect on a C 2 axis (point 
group, C2). Thus, in the cis-anti-cis arrangement, the 
two 0-methylene groups are enantiotopic 3 and each 
pair of 0-methylene protons is equivalent, while in the 
cis-syn-cis arrangement, although the two 0-methylene 
groups are equivalent, each pair of 0-methylene pro-
tons is diastereotopic. Since the pnir spectrum shows 
a sharp four-proton singlet (r 5.20) for the 0-methylene 
protons, the isomer was tenatively 8 assigned the cis-
anti-cis configuration 8. 
Comparison of the symmetry properties of cis-hexa-
hydro-1,3-benzodioxolane (10) with those of the iraits 
isomer 1 shows that the former has a a- plane and the 
latter a C2 axis. The 0-methylene protons of 10 are 
diastereotopic so it is not surprising that an AB quartet 
with JAB 1 Hz was observed' at r 5.95 in the pnir 
spectrum. The 0-methylene protons of 1 are equivalent 
and the expected singlet is observed' at r 4.93 in the 
pnir spectrum.'° The other product, trans-hexahydro-
1,3,5-benzotrioxepane (2), of the based-catalyzed meth-
ylenation of dl-cyclohexane-irans-1,2-diol also has a C 
axis. Thus, although the 0-methylene groups are 
equivalent, each pair of 0-methylene protons is diaste-
reotopic. The pmr spectrum of this trioxepane showed 
a four-proton AB quartet (r 5.09, APAB = 4.14 Hz, 
JAB = 6.0 l-Iz at 33°) indicating that each pair of 
0-methylene protons is anisochronous. 
Experimental Section 
Melting points are uncorrected and were determined on a Fisher-
Johns apparatus. Proton magnetic resonance (pmr) spectra were 
M. van Gorkom and G. E. Hall, Quart. Rec. (London), 22, 14 
(1968). 
It is also worth drawing attention to the fact that the 0-methylene 
protons of methyl 4,6-0-bcnzylidenc-2,3-0-mcthylene-a-n-gluco- and 
gala ctopyra nos ides are diastereotopic. Thus, the isochronous 0-meth-
ylene protons of the glucose derivative' constitute a case of acciden-
tal coincidence of pmr signals.' It is not necessary to invoke the ex-
planation' of preferential shielding of one of the 0-methylene protons 
in the galactose derivative to account for their anisochronous nature. 
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measured by a Varian A-60A spectrometer on 10% (w/v) solutions 
in chloroform-d-carbon disulfide (1:1, v/v) 11 with tetramethylsi lane 
(r 10.00) as internal standard. 
trans-1 -Iexahydro-1,3,5-benzotrioxepane (2) and trai,s-syn-!rans-
4,5: 9,10-biscyclohexano-1 ,3,6,8-tetraoxacyclodecane (3) were pre-
pared according to the procedure of Brimacombe, et al.' The 
trioxepane 2 had bp 34-37° (0.02 mm) and OOD 1.4659 (lit.' 11 20D 
1.4657). The tctraoxacyclodecane 3 had mp 164.5-165.5° (lit.' 
mp 166-167.5°). 
(11) This mixed solvent system was used because it was suitable for 
low-temperature studies, which will be reported elsewhere at a later date. 
neso- (4) and (//-di4irans-2-h3 ,drox3cyclohex3, loxy)methane (5) 
were prepared according to the procedure described by Head. 6 
The meso compound 4 had mp 80-82° (lit.' mp 81-82°) and the dl 
modification 5 had mp 102.5-103.5' (lit.' mp 104-105°). 
cis-anti-cis-4,5 :9,1 0-Biscyclol,exano-1 ,3,6,8-tetraoxacyclodecane 
(8) was prepared according to the procedure described by Brima-
combe, etal. 1 It had mp 139-140° (lit.' mp 142-143°). 
Acknowledgments. These investigations were sup-
ported by a grant (A4589) from the National Research 
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Periodate oxidation of cycloheptaamylose and cyclohexaamylose, followed by borohydride reduction 
and acetylation, yields 2s,4S,5 R,7s,9S, IOR, I 2s, I 4S, I 5R, 17s,1 9S,20R,22s,24S,25R,27s,29S,30R,32s,34S,-
35R-heneicosaacetoxyniethyl-1 ,3,6,8, 11,13,16,18,21,23,26,28,31 ,33-tetradecaoxacyclopcntatriacontane 
(2) and 2s,4S,5R,7s,9S, I OR, I 2s, I 4S, I 5R, 17s,l 9S,20R,22s,24S,25R,27s,29S,30R-octadecaacetoxymethyl-
1,3,6,8,11,13,16,18,21 ,23,26,28-dodecaoxacyclotriacontane (5), respectively. Both molecules are achiral. 
L'oxydation périodique du cycloheptaamylose et du cyclohexaamylose, suivie de reduction au boro-
hydrure, puis d'acCtylation, conduit respectivement au 2s,4S,5R,7s,9S, lOR, I 2s, I 4S, 15 R, 17s,1 9S,20R,-
22s,24S,25R,27s,29S,30R,32s,34S,35R-heneicosaacetoxymethyl-1 ,3,6,8, 1I,I3,16,I8,21,23,26,28,31,33-
tetradecaoxacyclopentatriacontane (2) et au 2s,4S,5R,7s,9S, 1 OR, I 2s, I 4S, 15R, 1 7s, I 9S,2OR,22s,24S,25R,-
27s,29S,30R-octadecaacetoxymethyl-1 ,3,6,8, 11,13,16,18,21 ,23,26,28-dodecaoxacyclotriacontane (5). Ces 
deux molecules sont achirales. 
Canadian Journal of Chemistry, 47, 3213 (1969) 
Recently, it has been shown (1) that periodate 
oxidation of di-f3-D-ribofuranose 1,5':I',5-di-
anhydride (1-5), followed by borohydride reduc-
tion and acetylation yields 2R,4S,7R,9S-tetra-
acetoxymethyl- 1,3,6, 8-tetraoxacyclodecane. 
During this investigation, it was appreciated that 
the same sequence of reactions employed on the 
Schardinger dextrins (6)1  would provide a route 
to the synthesis of large heterocyclic rings. 
When cycloheptaamylose (1) was subjected to 
periodate oxidation (7), followed by boro-
hydride reduction and acetylation (1, 8), a 
crystalline compound was obtained in 11% 
yield. The expected product from this reaction 
sequence is a cyclic acetal (2) with 14 oxygen 
atoms and 21 carbon atoms in a 35-membered 
ring. Examination of the symmetry properties 
of 2 shows that it has seven cy planes which 
intersect at a C., axis. Thus, the molecule belongs 
to point group C 7,, and is achiral. The observa-
tion that the crystalline compound is optically 
inactive suggests that it is indeed 2s,4S,5R,7s,9S,-
I0R, I 2s, 14S, I 5R, 1 7s, I 9S,20R,22s,24S,25R,27s,-
29S,30R,32s,34S,35R-heneicosaacetoxymethyl-
1,3,6,8,11,13,16,1 8,21,23,26,28,31,33-tetradeca-
oxacyclopentatriacontane (2). In addition, 
elemental analysis, acetyl content, molecular 
weight, and infrared (i.r.) and proton magnetic 
resonance (p.m.r.) spectral data are all consistent 
'The Schardinger dextrins provide additional examples 
(11) of molecules having C symmetry of an order higher 
than two. For example, cyclohexaarnylose and cyclohepta-




o,v 	 cr 
I 
HO CH2OH 
with this structural formulation. A low field 
7-proton triplet in the p.m.r. spectrum between 
T 4.63-5.04 (J4.0 Hz) was assigned to the equiva-
lent acetal protons at C-2,7,12,17,22,27, and 32. 
De-O-acetylation of 2 yielded 2s,4S,5R,7s,9S,-
I OR, 1 2s, 14S, I 5R, 1 7s, I 9S,20R,22s,24S,25R,27s,-
29S,30R,32s,34S,35R-heneicosahydroxymethyl-
1,3,6,8,11,13,16, 18,21,23,26,28,31,33-tetrade-
caoxacyclopentatriacontane (3), which was also 
optically inactive and gave a satisfactory elemen-
tal analysis. Mild acid hydrolysis of 3, followed by 
3214 
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borohydride reduction of the products gave 
erythritol and ethylene glycol. 
Examination of the symmetry properties of 
the cyclic acetal (5) with 12 oxygen atoms and 
18 carbon atoms in a 30-membered ring, obtained 
after borohydride reduction and acetylation of 




5 R = CH2CAc 
shows that it has six planes which intersect at a 
C6 axis (point group C 6 ) and is therefore 
achiral. Indeed, the crystalline product (5) is 
optically inactive. All other physical and analyti-
cal data are consistent with the formulation of the 
structure as 2s,4S,5R,7s,9S, IOR, 1 2s, 14S, I 5R, 1 7s, 




Melting points are uncorrected and were determined 
with a Fisher–Johns apparatus. Optical rotations were 
measured using a Perkin–Elmer model 141 automatic 
polarimeter at 23 ± 2°. Molecular weights were deter -
mined in chloroform using a Mechrolab vapor pressure 
osmometer model 301A. Solvent calibration (9) was 
achieved using tetra-0-acetyl-13-D-ribofuranose 1,5': 
1',5-dianhydride (mol. wt. 432) (1-5) and tetra-0-
benzoyl.-3-o-ribofuranose 1,5':1',5-dianhvdride (mol. wt. 
681). 2  Paper chromatography was carried out on What-
man No. I paper using the following solvent systems (v/v): 
'The tetrabenzoate was prepared  from di-0-13-
ribofuranose 1,5':1 ',5-dianhydride in the usual manner. 
Recrystallization from ethanol yielded needle-shaped 
crystals, m.p. 219-220 1, [ct]D +12.01 (c, 1.12 in chloro-
form). Elemental analysis and i.r. and p.m.r. spectro-
scopic data were consistent with the compound being 
tetra-0-benzoy1-3-o-ribofuranose 1,5':! '.5-dianhvdride, 
3P. A. Lockwood, J. F. Stoddart, and W. A. Szarek. 
Unpublished results. 
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(a) benzene - butan-1-ol-pyridine-water (1:5:3:3, upper 
layer); (b) butan-l-ol-ethanol - water (4:1 :5, upper 
layer). Sugars were detected with the periodate-perman-
ganate spray reagent (10). Thin-layer chromatography 
(t.l.c.) was carried out on glass niicroplates (40 x 90 mm) 
coated with silica gel (Camag) using the following 
solvent systems (v/v): (c) chloroform - methanol (19:1); 
(d) ethyl acetate - petroleum ether (b.p. 60-80°) (1:1). The 
developed plates were air-dried and heated at about 
1500. Infrared spectra were recorded on a Beckman-IR5A 
spectrophotometer. Proton magnetic resonance spectra 
were measured at 60 MHz in chloroform-d with tetra-
methylsilane (t 10.00) as internal standard. 
2s,4S,5R, 7s,9S, bR, 12s, 14S, 15R, 17s, 19S, 20R, 22s, 24S, - 
25R, 27s, 29S, 30R, 32s, 34S, 35R - Heneicosaaceloxy - 
rnethyl-1,3,6,8,11,13,16,18,21,23,26,28,31,33- tetra- 
decaoxacyclopentalriacontane (2) 
Cycloheptaamylose (1) (4 g) was dissolved in water 
(125 ml) and a solution of sodium metaperiodate (5.8 g) 
in water (125 ml) was added. The reaction mixture was 
allowed to stand at 26° for 60 h. After excess of periodate 
and iodaté had been precipitated by addition of a 10% 
aqueous barium chloride solution, sodium borohydride 
(2 g) was added to the filtered solution and the reaction 
mixture was allowed to stand at 26°. After 48 h, excess of 
borohydiide was destroyed by addition of dry ice and 
the solution was concentrated to dryness. The residue 
was extracted twice (200 ml and then 100 ml) with 
boiling ethanol and the combined extracts were concen-
trated to a syrup, which was acetylated in the usual 
manner with acetic anhydride (60 ml) and pyridine 
(60 ml). After 18 h, the acetylation mixture was poured 
into ice water (1000 nil) and allowed to stand for I h 
before being extracted several times with chloroform. The 
chloroform extracts were combined, washed with water, 
dried over anhydrous sodium sulfate, filtered, and the 
filtrate concentrated to a syrup, which migrated as one 
spot on t.l.c. in solvents (c) and (d). On addition of 
ethanol, the syrup crystallized. Recrys tall ization from the 
same solvent yielded needle-shaped crystals of the title 
compound (2)(813 mg, 11%), m.p. 106-109°, [Of ID 0 ± 10 
(c, 2.0 in chloroform); Xmox (Nujol) 5.75 pm (OAc), no 
absorption attributable to OH; p.m.r. data: t 4.63-5.04 
(7-proton triplet, J 4.0 Hz, H-2,7,12,17,22,27,32), r 7.64-
8.04 (63-proton multiplet, OAc groups on C-2,4,5,7,9,-
10,12,14,15,17,19,20,22,24,25,27,29,30,32,34,35). 
Anal. Calcd. for C 84 H 126056 (mol. wt. 2032): C, 
49.65; H, 6.25; CH 3CO, 43.2. Found (mol. wt. 2000 ± 
50): C, 49.37; H, 6.19; C14 3 CO, 42.6. 
2s,4S,5R, 7s,9S, bR, 12s, 14S, 15R, 17s, 19S, 20R,22s,24S, - 
25R, 27s, 29S, 30R, 32s, 34S, 35R - Heneicosahydroxy - 
methyl- 1,3,6,8,11,13,16,18,21,23,26,28,31,33- tetra-
decaoxacj,clopelitatriacotitaite (3) 
The heneicosaacetate (2) (500 mg) was dissolved in 
chloroform (25 ml) and methanol (25 ml), and 2 drops 
of a 7% solution of sodium methoxide were added. The 
de-Oacetylation was followed by t.l.c. in solvent (c) 
and was complete after 3 h. Dry ice was added to the 
reaction mixture, the solution was filtered, and the 
Filtrate was concentrated to a crystalline product. 
Recrystallization from ethanol yielded the title compound 
(3) (230 mg, 81%), m.p. 125-132°, lJD 0 ± 10 (c, 2.0  
in water); ?m.  (Nujol) 2.75-4.25 pm (OH), no absorption 
attributable to OAc. 
Anal. Calcd. for C 42 1484035 : C, 43.9; H, 7.37. Found: 
C, 43.5; H, 7.24. 
The heneicosaalcohol (3) (50 mg) was hydrolyzed with 
0.1 N sulfuric acid (20 ml) on a steam bath for 6 h. The 
cooled solution was neutralized with barium carbonate, 
filtered, and allowed to stand for 36 h after addition of 
sodium borohydride (50 mg). Excess of borohydride was 
destroyed by treatment with Amberlite IR-120 (1-1 form) 
resin, followed by filtration, and concentration of the 
filtrate to a syrup after removal of borate ions as methyl 
borate. Paper chromatographic examination of the syrup 
in solvents (a) and (b) indicated the presence of erythritol 
and ethylene glycol. No glucose was detected. 




Cyclohexaamylose (4) (2.84 g) was subjected to the 
same sequence of reactions as described for cyclo-
heptaamylose (1) to yield the title compound (5) (35 mg, 
0.6%), m.p. 162-164°, [0( ID 0 ± 10 (c, 2.0 in chloroform); 
?mox (Nujol) 5.75 im (OAc), no absorption attributable 
to OH; p.m.r. data: t 4.65-5.03 (6-proton triplet, J 4.5 
Hz, H-2,7,12,17,22,27), -r 7.70-8.06 (54-proton multiplet, 
OAc groups on C-2,4,5,7,9, 10,12,14,15,17,19,20,22,24,- 
25,27,29,30). 
Anal. Calcd. for C 72H108048 (niol. wt. 1742): C, 49.65; 
H, 6.25; CH 3 CO, 43.2. Found (mol. wt. 1760 ± 40): C, 
49.26; H, 6.22; CH 3 CO, 43.2. 
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Conformational Studies on 1,3-DioxepanS. Part 111. 1 2,5-0-Methylene-
D-mannitol and Some Related Compounds 2 
By J. F. Stoddart t and W. A. Szarek.' Department of Chemistry, Queen's University, Kingston, Ontario, 
Canada 
Examination of the chair (C)—twist-chair(TC) pseudorotational itinerary of 1 .6-dideoxy- 2.5-0- methylene-D-
mannitol indicates that three TC conformations, one having a C, axis of symmetry and two degenerate conform-
ations, will be predominant contributors to a conformational equilibrium. The 'H n.m.r. spectrum of the ring 
protons of this 1,3-dioxepan derivative is analysed as an AA'BB' system to obtain values of coupling constants 
involving the vicinal protons on C-2. C-3. C-4. and C-S. These values, together with the magnitudes of the 
coupling constants obtained from analysis of the AA'BB' system of 
[1.1,6.6- 2 H 4] man nitol. indicate approximately trans 
relationships between vicinal protons on the substituted 
1,3-dioxepan ring. These observations are discussed and shown to be consistent with the conformational proper-
ties predicted by conformational analysis. Evidence is also presented which shows that in bicyclic derivatives, 
where 1.3-dioxolan rings are trans-fused to 1.3-dioxepan rings at C-3 and C-4, the dioxepan ring may possibly 
assume a twist-boat conformation. 
THE conformational properties of 1,3-dioxepan (1) and 
its derivatives are expected 3 to be rather similar to 
those of cycloheptane. Calculations by Hendrickson ' 
aimed at determining the minimum-energy conform-
ations of cycloheptane have shown that there are four 
with similar energy contents. In order of increasing 
energies, these are 4e the twist-chair (TC) (6.0 kcal. 
Present address: Department of Chemistry, The University, 
Sheffield s:i 7HF. 
These values are relative to the chair conformation of cyclo- 
hexane. 
1 Part II, T. B. Grindley, J. F. Stoddart, and W. A. Szarek, 
J. Chem. Soc. (B), 1969, 623.  
mole'),l the chair (C) (7.4 kcal. mole 1)4 the twist-
boat (TB) (8.4 kcal. mole 1)4 and the boat (B) (8.7 
kcal. mole-1) I conformations. Examination of the 
symmetry properties (Figure 1) of these conformations 
indicates that, whereas the C and B conformations have 
a plane of symmetry, the TC and TB conformations are 
2 Preliminary report: Abstracts '158th Amer. Chem. Soc. 
Meeting, New York, 1969, CARB 24. 
T. B. Grindley, J. F. Stoddart, and W. A. Szarek, J. Chem. 
Soc. (B). 1969. 172. 
J. B. Hendrickson, (a) J. Amer. Chem. Soc., 1961, 83, 4537; 
(b) ibid., 1962, 84. 3355; (c) Teirahedron, 1963, 19, 1387; (d) 
J. Amer. Chem. Soc., 1964, 86. 4854; (e) ibid., 1967, 89, 7036; 
(f) ibid., 1967, 89, 7043; (g) ibid., 1967, 89, 7047. 
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without reflection symmetry, although they have a 
C2  axis of symmetry, and so must exist in two enan-
tiomeric forms. The cycloheptane ring is flexible and 
the C and TC conformations, as well as the B and TB 
conformations are interconvertible 4  by pseudorotation. 







;2 	 3 	 ir 
3 	
%4, 3 
3' 4 , 	3' 
TC' 2' 2 ' 
ic 
FIGURE 1 The minimum-energy conformations of cycloheptane 
showing their symmetry properties and the numbering system 
used by Hendrickson 
rings comes from both physical and chemical data. 
Studies 5 on the intramolecular hydrogen bonding 
properties of cycloheptane-cis-1,2-diol and cycloheptane-
trans-1,2-diol in dilute solutions in carbon tetrachloride 
indicate that the dihedral angles between the projected 
C-O bonds are 42 and 510, respectively. Moreover, 
the trans-i ,2-diol forms 6  an O-isopropylidene deriva-
tive, which indicates that the seven-membered ring is 
able to accommodate a dihedral angle of 41° $ (or less) 
between the projected trans C0 bonds. The approxi-
mate dihedral angles j - between projected C-X bonds 
(where X is a substituent) are shown for the four con-
formations in Figure 2. The substituent positions on 
C-i of the TC and TB conformations are equivalent by 
virtue of the C2  axes of symmetry and have been termed 
isoclinal. The other substituents on the TC and TB 
conformations, as well as those on the C and B con-
formations, are all equatorial. Comparison of the 
configurational formula (3) of 2,5-0-methylene-D-
mannitol with the configurational formulae shown in 
Figure 2 indicateS 3  that compound (3) may exist in a 
symmetrical TC conformation (Figure 3) with the 
* Lemieux and his associates 7 have deduced, from the hlf 
n.ni.r. satellites caused by the ' 3CH 2 groups in 2,2-dimethyl-
1,3-dioxolan, a dihedral angle between the projected C—O bonds 
of 410 in the puckered five-membered ring. 
t The sizes of the angles depend 4 1  on the magnitudes of the 
corresponding C—C—C bond angles and the nature of the sub-
stituent.  
hydroxy- and hydroxymethyl groups equatorial. In 
this paper we discuss the conformational properties of 
R 2  0 	OR  
RtO'H 2C)__.CH 2 OR' 
o___.____o 	o__o 
(1) 	 (2) R' = Ac, R 2 = CH..OAc 
R' = H, R2 = H 
H' = Bz, R' = H 
HO 	OH 
R - 4R 
O_.__.____O 
R = CH,OBz 	 (9) 
R = CH,.-OH 
R = CH,OTs 
R= Me 
1,6-dideoxy-2,5-0-methylene-D-mannitol (9) and some 






X # 6 4.X 
0 
( 7 
X 0 x 
XS 8 X 
FIGURE 2 The approximate dihedral angles between projected 





0 H a 
tH HO 
FIGURE 3 The symmetrical TC conformation of 2.5-0- 
methylene-o-mannitol (3) 
' L. P. Kuhn, J. Amer. Chem. Soc., 1954, 78, 4323. 
6 2f, W. R. Christian, C. J. Gogek, and C. B. Purves, Caned. 
J. Chem., 1951, 29, 911. 
R. U. Lemieux, J. D. Stevens, and H. R. Fraser, Canad. J. 
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2,5-0-Methylene-D-mannitOl (3) was obtained from the 
acetolysis product [i.e. 3,4-di-O-acetoxymethyl-1 ,6-di-
Oacetyl_2,5-O-methylene-D-maflritol (2)] of 1,3:2,5:4,6-
tri-0-methylene-D-mannitOl by the procedure of Hudson 
and his co-workers. 8 Conversion [(3) —p- (4) —*-
(5) —u-. (6)] of (3) into 3,40ber1zylidene-2,5-0-methyl-
ene-D-maflnitOl (6) was also carried out as previously 
described.8 ' 9  From compound (6), 1,6-dideoxy-2,5-0-
methylene-D-mannitol (9) was prepared by a sequence of 
reactions involving p-tolylsulphonylation [(6) —*- (7)], 
hydride reduction [(7) —p.- (8)], and catalytic de-O-
benzylideneation [(8) —*- (9)]. Examination of the  
439 
ate. Both 'all-equatorial' chair conformations (C4 
and C3') are also degenerate, as are the two 'one-axial' 
conformations (C2 and TC4') shown in Figure 4. 
In the absence of any accurately defined conform-
ational properties for 1,3-dioxepan ring systems, it may 
be assumed that the C-C bond distances (1.53 A) and 
the C-C-C angles (113-118° depending 4e on the 
conformation and their location in the conformation) 
are similar to those in cycloheptane. Whereas C-U-C 
and 0-C-C angles are probably not much different 
10 
from C-C-C angles, C-0 bond distances (1.41 A) are 
shorter than C-C bond distances. These facts, coupled 
CH 3 	 CH 3 
HO 'OH 
( ._OH .....±- etc. 
H3C71Y 	
OH 















O 	CH 3 H 0 	 H3 
H3  
L 
CH 	 HO 	 H 
OH 	
O CH3CH3  
TC3 	 C3' 	 TC2' 	 c' id 
HO CH 	





3 V HC OH 	 " 	
O OH HC 	 H3C H  






CH3 	 TC4' 
FIGURE 4 Part of the chair–twist-chair pseudorotational iternary of 1,6dideoxy.2,5-0-n1ethYlefle-D-1flaflflitOl (9) 
chair-twist-chair pseudorotational itinerary 4 of 1,6-
dideoxy2,50methylene-D-mannito1 (9) indicates 
(Figure 4) that three twist-chair conformations (TCI, 
TC2', and TC3) and two chair conformations (C4 and 
C3') have both methyl groups and both hydroxy-groups 
equatorial. All other conformations on the pseudo-
rotational itinerary have one (e.g. C2 and TC4') or more 
of these substituent groupings axial.* Of the three 
'all-equatorial' twist-chair conformations, one (TC1) 
has a C2  axis of symmetry [cf. the twist-chair conform-
ation of 2,5-0-methylene-D-maflnitOl (3) shown in 
Figure 3] and the other two (TC2' and TC3) are degener- 
* In this discussion we have assumed that the conformational 
geometries of the minimum energy conformations of the 1,3-
dioxepan ring system will be similar to those of cycloheptane. 
Groups at the isoclinal positions of TC conformations have been 
classified with equatorial groups.  
with the effect of replacing hydrogen atoms on two 
carbon atoms by electron pairs on two oxygen atoms, 
may alter slightly the energies of the numerous TC, C, 
TB, and B conformations, but they are not likely to 
affect the relative free energy sufficiently to reverse 
their comparative stabilities. If this is the case it may 
be assumed that the C and B conformations correspond 
respectively to transition states on the conformational 
co-ordinates of the chair-twist-chair and boat-twist-
boat pseudorotational itineraries. Thus, the C and B 
conformations will only have a momentary existence 
8 A. T. Ness, R. Al. Hann, and C. S. Hudson, J. Amer. Chem. 
Soc., 1943, 65, 2215. 
B. Wickbcrg, Acta Chem. Scand., 1958, 12, 1187. 
10 Cf. F. G. Riddell and M. J. T. Robinson. Tetrahedron, 1967, 
23, 3417; E. L. Eliel and Sr. M. C. Knoeber, J. Amer. Chem. Soc., 
1968, 90, 3444. 
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and will tend to lose energy in order to assume TC and 
TB conformations, respectively (cf. ref. 11). Further-
more in the knowledge 4e  that the TB conformation of 
cycloheptane is 24 kcal. mole-' less stable than the TC 
conformation, it may be assumed that the TB conform-
ation will contribute little to the conformational equili-
brium of 1 ,6-dideoxy-2,5-O-methylene-D-mannitol (9) 
in solution.* In considering the effects of substitution 
by methyl and hydroxy-groups on the TC conformations 
of the 1,3-dioxepan ring of (9), we shall assume that axial 
substituents will destabilise conforrnations.t On this 
assumption it is clear from Figure 4 that the TC1, 
TC2', and TC3 conformations should be the major 
contributors to a conformational equilibrium. Dreiding 
(B)1(B) 







50 	 70 	 9'O 
7- 
 FIGURE 5 The 'H n.m.r. spectrum of 1,6-dideoxy-2,5-0- 
methylene-n-mannitol (9) 
models show that in each of these ' all-equatorial 
conformations, any pair of vicinal protons on C-2, 
C-3, C-4, and C-5 bear an approximately trans diaxial 
relationship to each other. 
The 'H n.m.r. spectrum of 1,6-dideoxy-2,5-0-methyl-
ene-D-mannitol (9) is shown in Figure 5. The two-
proton singlet at 5'26 is characteristic of all the mono-
cyclic 1,3-dioxepan derivatives i(2)—(4)] and may be 
assigned to the 0-methylene protons. The failure to 
* Some justification for this assumption comes from the fact 
that H°0 .3.. TB (i.e. the enthalpy difference between the chair 
and twist-boat conformations) for 1,3-dioxan (7.1 kcal. mole-1) ' 
is larger than that for cyclohexane (59 kcal. mole -1 ). 13 Eliel 
and Hutchins 13  have suggested that, although in 1,3-dioxan the 
torsional strain is likely to be about the same or a little less than 
in cyclohexane, non-bonded interactions are probably much 
more severe in the more compact and distorted heterocyclic ring. 
f Substituent energies calculated 4/  for methyl groups on all 
the positions of the cycloheptane ring show that those with 
axial Orientations have higher strain energies than those with 
equatorial and isoclinal orientations. 
The pseudorotational itinerary does, however, include 
(Figure 4) a TC conformation with C. symmetry. i.e., TCI.  
observe a chemical shift difference between these two 
protons may indicate that these 1,3-dioxepan derivatives 
are in a conformation [cf. the conformation of (3) in 
Figure 3] in which they are equivalent by virtue of C, 
symmetry or it may indicate that TC C pseudorota-
tion is rapid. 14"5 In view of the low energy barriers 
to TC C pseudorotation this latter explanation is 
believed to be the correct one4 On account of the fact 
that structure (9) contains a C, axis of symmetry, the 
'H n.m.r. spectrum (Figure 5) of the other ring protons 
and methyl groups constitutes an example of spin-
coupling non-equivalence and may be treated as an 
AA'BB'M,II', system. The AA' multiplet at low field 
is spin-coupled to the methyl group protons (M 31',) 
and so may be assigned to H-2 and H-5, leaving H-3 
and H-4 to be assigned to the BB' part of the ten-
spin system. The ring protons were analysed as a 
four-spin AA'BB' system by use of the LAOCOON II 
program of Castellano and Bothner-By. 16 This is 
possible because the AA' and BB' parts are mirror 
images and so coupling constant data may be obtained 
from either part in the first instance by hand analysis ' 
and subsequently by refinement of the hand calculated 
values by use of the LAOCOON II program. Com-
parison of the BB' part of the spectrum (Figure 5) with 
computed spectra indicated values of between 8 to 10 
Hz for both JAB  and JBB'. 
In order to simplify the task of 1H n.rn.r. spectral 
analysis, 1 ,3,4,6-tetra-O-acetyl-2,5-O-methylene-D-
[1,1,6,6-'H 4lmannitol (12) was prepared from D- 
,OH C0 7'OH 
HOBO4 HO—C—H 
0 <T 0 	 1 
H o 	 HO — c—H 
HO' 







SCHEME The preparation of 1,3,4,6-tetra-0-acetyl-2,5-0- 
methylene-D-[1, 1 ,6,6-'H 3]mannitol (12) 
[1,1,6,6-'H4]mannitol (11) by a procedure (see Scheme) 
similar to that described 8  for the preparation of the 
" R. H. Pethrick and E. Wyn-Jones, Quart. Rev., 1969, 23, 
301. 
12 K. Pihlaja and S. Luoma, Ada C/tern. Scand., 1968, 22, 
2401. 
13 E. L. Eliel and R. 0. Hutchins, J. Amer. Chain. Soc., 1969, 
91. 2703. 
" J. D. Roberts, C/jam, in Brit., 1966, 2, 529: in ' Structural 
Chemistry and Molecular Biology,' ed. A. Rich and N. Davidson, 
W. H. Freeman, 1968, p.  603. 
' E. S. Glazer, Ph.D. Thesis, California Institute of Tech-
nology, Pasadena, California, 1966. 
" S. Castellano and A. A. l3othner-By, J. Chain. Phys., 1964, 
41, 3863. 
17 F. W. Garbisch, J. C/tern. Ethic., 1968, 45, 480. 
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non-deuteriated tetra-acetate from D-mannitol. Reduc-
tion of D-mannosaccharodilactone (10) 18  with sodium 
borodeuteride furnished D-[1 .1 ,6,6- 2H4]mannitol (11). 
The partial 'H n.m.r. spectrum of compound (12) is 
shown in Figure Ga. As before, the two-proton singlet 
at 512 may be assigned to the 0-methylene protons. 
The remainder of the spectrum was analysed as an 
AA'BB' system with the AA' part being assigned to 
H-3 and H-4 and the BB' part to H-2 and H-5. This 
assignment is confirmed by the observation (Figure 6a) 
that the high-field signals are broadened by deuterium 
coupling. Comparison of the observed spectrum 
(Figure 6a) with the 'best fit' computed line spectrum 
(Figure Gb) yielded values of 101 and 87 Hz for fAir 
(A) (A') 
A AcCO2c r co2OAc  
Il 	HH 
It C 
(o) 	AA 2 	A 
liii 	I I 	liii, 
480 	520 	560 	600 r 
FIGURE 6 (a) The partial 'H n.m.r. spectrum of 1,3,4,6-tetra-
0-acctyl-2,5-0-methylene-D-[1,1,6,6-'H 4]mannitol (12): (b) The 
computed AA'BB' line spectrum obtained with the following 
input data: 'A, 'A 4'89; rB, u' 596; JAB 101; fAA'  8'7; 
Jaw 00; JAB' 0'2 Hz 
and fAA'.  respectively. These coupling constants 
indicate 19  approximately trans diaxial relationships 
between vicinal protons on C-2, C-3, C-4, and C-5. 
This evidence is consistent with the prediction that 
compound (12) exists predominantly in the ' all-equa-
torial' TCI, TC2', and TC3 conformations. 
The bicyclic compounds (5)—(8) all contain 1,3-
dioxolan rings trans-fused to 1,3-dioxepan rings at C-3 
and C-4. Despite the fact that the 0-methylene protons 
in all these compounds are diastereotopic, they 
exhibit adventitious chemical shift equivalence and give 
rise to sharp two-proton 'H n.m.r. singlets. Moreover, 
in the spectra of all these bicyclic derivatives, apart 
from the ditosylate (7), the signals [ 491 for (5), 500 
for (6), and 514 for (8)] for the 0-methylene protons 
are shifted to lower field compared with those [ 547 
for (4) 522 for (3), and 526 for (9)] for the corresponding 
monocyclic derivatives. In order to examine this 
phenomenon in more detail, 3,4-0-isopropylidene-2,5- 
* However, the O-methylene protons of 3,4-O-isopropylidene-
2.5-O-methylene- 1 ,6-di-O-p-tolylsulphonyl-o-mannitol, like those 
of compound (7), resonate at a higher field, viz. ' 528. The 
ditosylate, prepared from compound (14) in the usual manner, 
yielded crystals. m.p. 142-144° (from methanol–water), (MID 
—20° (c 1'47 in CHCI,), and its 'H n.m.r. spectrum (deuterio-
chloroform solution) was consistent with the structure assigned. 
t It is similar to the relationship between an axial methyl 
group and syn axial protons on a cyclohexane ring, where the 
protons are deshielded 20  (by 02 p.p.m.) by the methyl group. 
O-methylene-D-mannitol (14) was prepared, by iso- 
propylideneation of (4) followed by de-O-benzoylation 
[(13 —u- (14)]. on account of C2 symmetry, both 
Me Me 
ox0 
R0.H2C..H__4,,,,,,.CH 2 '0R 	(13) R = Bz 
(14) R = H 
compounds (13) and (14) contain equivalent 0-methylene 
protons and equivalent O-isopropyiidene methyl groups. 
The 0-methylene protons give rise to two-proton singlets 
['r 496 for (13) and 501 for (14)] and the O-isopropyl-
idene methyl groups give six-proton singlets ['r 857 
for (13) and 860 for (14)]. As in the case of the cor-
responding benzylidene derivatives, the 0-methylene 
protons are deshielded * relative to those in the analo-
gous monocyclic 1,3-dioxepans. 
Consideration of the three ' all-equatorial' twist-
chair conformations indicates that the trans-fused 1,3-
dioxolan ring is most easily accommodated by the TC3 
conformation. However, Figure 2 shows that the 
dihedral angle between the projected C-X bands at 
C-4 of the TB conformation of cycloheptane is Ca. 450 
and so would require little distortion in order to ac-
commodate fusion of a puckered O-isopropylidene ring. 
In addition, molecular models of the trans-fused ring 
systems of compounds (5)—(8), and (13) and (14), 
indicate that the 1,3-dioxepan ring readily assumes a 
C2 symmetrical TB conformation (Figure 7) in which the 
CH., 
FIGURE 7 The symmetrical TB conformation of the 
1,3-dioxepan ring of trans-fused derivatives 
substituent groups on C-2 and C-5 are axial. Since this 
axial position on the TB conformation of cycloheptane 
has a low substituent energy, 4f the presence of the two 
axial substituents would not mitigate against the TB 
conformation. It is also of interest that these axial 
substituents are in a suitable stereochemical environ-
ment t to account for the observed deshielding of the 
0-methylene protons. However, the occurrence of 
rapidly interconverting degenerate TC3 conformations 
18 W. N. Haworth, D. Hislop, F. Salt, and F. Smith, J. Chem. 
Soc., 1944. 217. 
19 M. Karplus. J. Amer. Chem. Soc., 1963. 85, 2870. 
0 H. Booth, Tetrahedron, 1966, 22. 615. 
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might also explain the deshielding. For the present, 
the suggestion that a C2  symmetrical TB conformation 
contributes to the conformational equilibrium of (13) 
and (14) should be regarded as tentative. 
EXPERIMENTAL 
The general methods are described in Part 1 3  All new 
compounds gave satisfactory elemental analyses. 
Theoretical 111 N. mr. Spectra.-Theoretical spectra were 
calculated with an IBM 360 computer by use of a modi-
fication of the LAOCOON II program of Castellano and 
Bothner-By. 16 
3,4-Di-O-acetoxymellzyl-I ,6-di-0-acelyl-2,5-0-rnethylene-D-
inannitol (2).-Compound (2) [m.p. 1281290, [a] ±555 ° 
(c 1-6 in CHC13)] was prepared 8  from 1,3:2,5:4,6-tri-0-
methylene-D-mannitol; 3  r (CDC13) 443 and 482 (4H, 
ABq, 0CH2 0 of acetoxymethyl groups, JAB 6-4 Hz), 
524 (211, s, 2,5-0.CH 2 0), and 787 and 790 (12H, 2s, 
4 x Ac). 
2, 5-0-Methylene-D-nannitol (3).-Compound (3) [m.p. 
173-174°, [o]  -52° (c 12 in water)] was prepared 8  from 
compound- (2); 'r (13 20) 522 (2H, s, 2,5-0CH 2 -0). 
1, G-Di-0-benzoyl-2 , 5-0-met hylene-D-n'iannitol (4). -Com-
pound (4) [m.p. 119-1200, []D -73° (c 09 in CHCI3)] 
was prepared 8  from compound (3); -r (CDC1 3) 5-17 (2H, 
s, 2,5-0.CH 2-0). 
1 ,6-Di-0 -benzoyl-3 ,4-0-benzylidene-2 , 5-0-;neihylene-D-
,nannitol (5).-Compound (5) [m.p. 152-153°, [D  +61° 
(c 13 in CHC1,)] was prepared 8  from compound (4); 
'r (CDCI 3) 3-80 (114, s, PhCH) and 491 (2H, s, 2,5-0CH20). 
3,4-0-Benzylidene-2, 5-0-niethylene-D-nzannitol (6).-
Compound (6) [m.p. 127-1280, []D  +29° (c 08 in CHCI,)] 
was prepared according to ref. 9; -r (CDC1 3) 3.94 (lii, s, 
PhCH) and 5.00 (2H, s, 2,5-0-CH 2 0). 
3,4-0-Benzylidene-2,5-0-melhylene- 1, 6-di-0-p-tolyl-
sulphonyl-n-mannitol (7).-A solution of 3,4-0-benzylidene-
2,5-0-methylene-n-mannitol (6) (1.20 g.) in dry pyridine 
(10 ml.) was cooled to 0° and an ice-cold solution 
of toluene-p-sulphonyl chloride (2.5 g.) in dry pyridine 
(10 ml.) was added. After 1 hr. at 0°, the mixture was set 
aside at room temperature overnight. It was then poured 
into ice-water (200 nil.) and the precipitate was filtered 
off and crystallised from chloroform-methanol. Recrystall-
isation yielded prisms of compound (7) (1.84 g., 74%), 
m.p. 147-1490, + 31 ° (c 1-8 in Ccl,) (Found: C, 56-7; 
H, 52; S, 107. C, 8H 30010S 2  requires C, 56-9; H, 5-1; 
S, 10.8%), 'r (CDC1,) 4-03 (1H, s, PhCH), 523 (2H, 
s, 2,5-0CH 2 0), and 779 (6H, s, 2 x Me). 
3,4-0-Benzylidene- 1, 6-dideoxy-2,5-0-lnethylene-D-mannhtol 
(8).-The 1,6-di-0-p-tolylsulphonyl compound (7) 
(1.20 g.) was dissolved in dry tetrahydrofuran (100 ml.) 
and lithium aluminium hydride (2.4 g.) was added. The 
mixture was heated under refiux for 4 hr., then cooled, and 
water was added to destroy the excess of lithium aluminium 
hydride. The mixture was then refiuxed for a further 
15 mm., cooled, and filtered, and the filtrate was con-
centrated to a crystalline residue which yielded compound 
(8) (240 mg., 47%), m.p. 48-49° (from methanol-water), 
[]D +18° (c 0-42 in CHCI,) (Found: C, 674; H, 7-3. 
C14H1804 requires C, 672; H, 7-25%), 'r (CDCI,) 260 
(5H, s, Ph), 3-94 (1H, s, PhCH), 5-14 (214, s, 2,5-0-CH 2 0), 
592634 (4H, m, H-2, H-3, H-4, and H-5), and 830-
8-80 (6H, m, 2 x Me). 
J. Chem. Soc. (B), 1971 
1,6-Dideoxy-2, 5-0-methylene-D-mannilol (9) .-The benzvl-
idene compound (8) (150 mg.) in methanol (50 ml.) was 
hydrogenated over palladium-carbon (100 mg). After 
4 hr., t.l.c. indicated that the hydrogenation was complete; 
filtration and concentration then gave a syrup which 
slowly crystallised to yield compound (9) as needles (62 mg., 
64%), m.p. 115-116° [from chloroform-light petroleum 
(b.p. 60-80°)], [c]  -83° (c 09 in CHCI,) (Found: C, 51-7; 
H, 8-8. C,H,04 requires C, 51-8; H, 8-7%); for 'H 
n.m.r. data (CDC',) see Figure 5. 
D-[1,1,6,6-2H4]Maflfli1Ol (11).-To a mixture of o-
mannosaccharodilactone (10) 18  (1 g.), Amberlite IR-120 
(Hf) resin (1 g.), and 005zi-boric acid (50 ml.) cooled to 0°, 
a freshly prepared 03M-solution (10 ml.) of sodium boro-
deuteride was added dropwise with stirring during 2-3 
mm. Stirring was continued for 30 mm. and a second 
portion (10 ml.) of 0-3M-sodium borodeuteride was then 
added during 2-3 mm. The solution was stirred for a 
further 30 mm., then the pH was adjusted to 9 with N-
sodium hydroxide solution and the mixture was left at 5 0 
overnight. It was then treated with Amberlite IR-120 
(H+) resin and concentrated to a syrup, which, after several 
treatments on a rotary evaporator with methanol to remove 
borate ions as volatile methyl borate, yielded a crystalline 
product. Recrystallisation from methanol gave n-
[1,1,6,6- 2H4]mannitol (11) (750 mg., 70%), m.p. 160-
167°. D-MannitOl has 21  m.p. 166°. 
1,3,4, 6-Tetra-0-acetyl-2,5-0_ne1hylene-D-El,1,6, 6- 2H43-
mannitol (12)-Compound (12) (m.p. 116-117°) was 
prepared from compound (11) by a reaction sequence 
analogous to that described 8  for the preparation of 1,3.4,6-
tetra-0-acetyl-2,5-0-methylene-D-mannitol from D-man-
nitol. For a partial 1 H n.m.r. spectrum see Figure Ga; 
(CDCI,) 7.93 and 8-00 (12H, 2s, 4 x Ac). 
1 ,6-Di-0 -benzoyl-3,4-0-isopropylidene-2 , 5-0 -met h-ylene-u-
mannitol (13).-!, 6-Di-O-benzoyl-2,5-0-methylene-D- man-
nitol (4) (2.0 g.) was dissolved in dirnethoxypropane (200 
ml.) and toluene-p-sulphonic acid (10 mg.) was added. 
The mixture was set aside at room temperature overnight. 
T.l.c. then indicated that the reaction was complete, and 
the mixture was concentrated to a syrup, which was dis-
solved in chloroform (100 ml.) and washed with water 
(100 ml.). The chloroform layer was dried, treated with 
decolourising carbon, and concentrated to a syrup, which 
crystallised on addition of methanol followed by a few drops 
of water. Recrystallisation from methanol-water yielded 
needles of compound (13) (2.1 g., 98%), m.p. 86-88. raiD 
+46° (c 1-4 in CHC1,) (Found: C, 654; H, 5.75 C 21H,608 
requires C, 65-2; H, 59%),(CDCI,) 4-96 (2H, s, 2,5- 
O'CH 2-0) and 857 (6H, s, Me,). 
3,4-0-Isopropylidene-2, 5-0 -met hylene-D-mannitol (14).-
The dibenzoate (13) (1-0 g.) was de-O-benzovlated in the 
usual manner to yield prisms of compound (14) (270 mg., 
50%), m.p. 85-86°, []D +44°  (c 1-7 in Me2C0) (Found: 
C, 515; H, 7i65. C,0H 1806 requires C, 51-3; H, 7-75 0/10 ), 
- (CDC1 3) 5-01 ( 2H, s, 2,5-0-CH 2 0) and 860 (6H, s, Me.). 
We thank T. B. Grindley for discussions, Professor 
J. K. N. Jones for his interest and encouragement, and the 
National Research Council of Canada for financial support. 
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21 B. Capon and W. G. Overend, Adv. Carbohydrate Chem., 
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he Seventh Annual Chemical Society 
ymposium on Modern aspects of 
ereochemistry, held at Sheffield Uni-
rsity on 18 December 1970, proved to 
e extremely popular and produced a 
cord attendance. 
H. Kessler (University of Tubingen) 
resented compelling evidence that 
rn-anti isomerization of N-aryl imines 
nd related compounds involves in-
rsion of the planar sp2 hybridized 
itrogen by way of a linear sp hybridized 
ansition state rather than rotation 
bout the C-N double bond. Although 
en-anti isomerization of ketonium salts 
Iso involves inversion at oxygen, 
ulphonium salts probably isomerize 
y rotation about their C-S double 
onds. He also pointed out that the 
Ifects of electronegative su bstituents 
re similar for planar and pyramidal 
itrogen inversion and demonstrated 
ri impressive linear correlation between 
for a particular substituent and 
GCH3. 
A. Eschenmoser (Eidg. Technische 
Hochschule) began his lecture by 
drawing attention to the fundamental 
difference between exocyclic and endo-
cyclic intramolecular substitutions: the 
former reaction can proceed with 
normal SN2 stereochemistry via a linear 
transition state, whereas the latter are 
geometrically constrained. This point 
was admirably illustrated by the judi-
cious use of deuterium labelling to show 
that the base-catalysed rearrangement 
I ->2 proceeds via an intermolecular 
pathway rather than by an intramolecular 
mechanism, which, although attractive 
from the 'curly arrow' viewpoint, would 
violate the stereochemical requirements 
of the SN2 mechanism. Professor 
Eschenmoser also described a fasci-
nating and original correlation between 
substituent effects on the rates of 
nitrogen inversion, and nucleophilic 
bimolecular substitution at carbon. 
In the afternoon, D. Ginsburg (Israel 
Institute of Technology) skilfully inter-
spersed his lecture on propellanes with 








• HIP  
tBu0CN,..S 
• OJ"CH 
H 3C 	 (5)  
including the term 'schizo-aromatic' to 
describe compounds which are aromatic 
by one criterion but not by another. 
Professor Ginsburg described the prep-
aration and characterization of a cage-
like dimer from the tetraenic N-methyl-
imide (3) by two consecutive Diels-
Alder additions. He also demonstrated 
the rather ingenious use of iron tn-
carbonyl ligands as blocking groups to 
induce stereospecific addition of 4-
phenyl-1,2,4-triazoline-3,5-dione to the 
tetraenic ether (4). 
K. Heusler (CIBA-Geigy) followed 
with an outline of an elegant synthesis 
of an intermediate (5) which plays an 
important role in the conversion of the 
penicillins to the cephalosporins. His 
description was impressive in that many 
of the synthetic steps were carried out 
in very high yields under carefully 
controlled conditions, in spite of the 
obvious difficulties in working with 
compounds containing so many func-
tional groups, and the concomitant 
possibility of numerous side reactions, 
or even molecular self-destruction. 
The final lecture, given by W. N. 
Lipscomb (Harvard University), was on 
mechanisms of enzyme action. He 
began by posing the sort of questions 
which arise when crystal structure 
analyses are performed on enzyme-
substrate complexes. The highlight of 
the lecture came when he showed some 
impressive stereoslides of carboxy-
peptidase-A, lysozyme, chymotrypsin-A 
and ribonuclease. On the invitation to 
don 313-spectacles, the audience was 
almost transported into the active sites 
of these enzymes along with the appro-
priate substrates. With these hydrolytic 
enzymes at least, it was clear that only 
rotations about single bonds involving 
residues at the active sites appear to 
influence the binding between enzymes 
and their substrates. 
The Eighth Sheffield Stereochemistry 
Symposium will be held on 17 December 
1971. 
J. F. Stoddart 
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;tereochemsta'y at SheffieHd 
odern aspects of stereochemistry 
ovided the unifying theme for the five 
ropean speakers and numerous parti-
pants who attended the Eighth Annual 
hemical Society Symposium at 
ieffield University on 17 December 
71. 
The morning began with Professor 
K. Sutherland (University of Man-
tester) stressing the importance of 
)nsidering torsional strain associated 
ith the double bonds in medium-sized 
ig compounds, e.g. the sesquiterpene, 
?rnlacrene, when assessing their reac-
,ity towards electrophiles in general 
d their ability to cyclize in particular. 
he reactions of germacrene with 
nglet oxygen and with the triphenyl-
iosphine ozone adduct were compared 
d the high stereospecificity observed 
transannular C-C bond formation 
iring the cyclization of cyclonona- and 
rclodeca-1,5-dienes was discussed. 
(hereas cyclonona-1,5-dienes with a 
s, cis configuration for their double 
)nds yield cis-hydrindane derivatives, 
ose with a cis, trans configuration may 
used to synthesize trans-hydrindane 
rivatives. 
Professor W. R. Roth's (Ruhr-Univer- 
ty, Bochum) paper was on the stereo- 
iemistry of nonconcerted reactions. 
e discussed the rearrangements of 
ethylene and alkylidene cyclopropane 
?rivatives in terms of two previously 
roposed mechanisms—a [1,3] shift 
volving inversion at the migrating 
rbon atom, and a diradical process. 
hermal rearrangements (at 170°C) of 
iitably substituted alkylidene cyclo-
ropanes (1-3) demonstrated that the 
Ioodward-Hoffman n orbital symmetry 
iles were not apparently directive in 
ese rearrangements and that a 'fixed' 
rthogonal diradical intermediate could 
plain the stereochemistry of the pro-
ucts (4, 5). Different proportions of 
re syn, syn (4) and syn, anti (5) isomers 
ere observed in the three cases and 
Dne of the thermodynamically most 
able anti, anti isomer was obtained, 
d icati n g that sterical ly-do minated 
ereoselective rotations are probably 
ssociated with the ring opening stage 
the kinetically-controlled rearrange-
ent. At higher temperatures (Ca 
?0°C), it was proposed that the con-
urational isomerization, 1 2—_3—_11, 
proceeded via a different diradical 
mechanism. In the discussion which 
followed, there was considerable debate 
as to whether the orthogonal diradical 
represented an intermediate as such or 
corresponded to the transition state for 
the reaction. 
After lunch, Professor L. Salem 
(Laboratory of Theoretical Chemistry, 
Orsay) presented the results of some 
recent ab in/ti SCF calculations on the 
degenerate isomerization of cyclopro-
pane, a typical narcissistic reaction 
(Accts chem. Res., 1971, 4, 322). The 
procedure involved the search for a tran-
sition state which was a maximum with 
respect to the reaction co-ordinate and 
a minimum with respect to the other 20 
dimensions on the potential surface. 
Using a 'face-to-face' trimethylene dirad-
ical as a starting-point, a concerted reac-
tion pathway was traced which involved 
the sequence: (I) con rotatory twist of the 
terminal methylene groups, (ii) depyra-
midalization accompanied by a disrota-
tory twist, and finally (iii) a second 
conrotatory twist and pyramidalization. 
In answer to questions, Professor Salem 
asserted that the diradical was a per-
fectly good transition state and he 
expressed the opinion that he thought 
very few diradicals, if any, lie in second-
ary minima. 
Professor U. Schollkopf (University of 
Gottingen) followed with a discussion 
of the stereochemistry of the solvolytic 
reactions of cyclopropyl tosylates after 
describing the methods employed in  
their synthesis. Relative rates of solvo-
lyses were consistent with the expecta-
tion that endo-tosylates would react 
more rapidly than exo-tosylates. In 
cyclic derivatives of the type 6 the 
relative stabilities of the carbonium ions 
could be formulated as being somewhere 
in between cyclopropyl and ally] cations 
in character. On this basis, when n>4, 
the allyl character was believed to pre-
dominate. At the other end of the 
scale, when n = 2, an interesting situa-
tion emerges in the form of a relatively 
unreactive tosylate. 
In the final lecture, Professor C. A. 
Grob (University of Basle) discussed 
from a mechanistic point of view the 
various different types of reaction—
substitution, elimination, cyclizatioii and 
fragmentation—undergone by substi-
tuted -/-amino halides. He came to the 
conclusion that the most plausible 
mechanism which accounted for a high 
proportion of fragmentation in the case 
of highly substituted y-amino halides 
was one involving specific intramole-
cular solvation of the o-carbon by nitro-
gen. Fragmentation was thought to 
proceed faster in the highly substituted 
cases because steric interactions pro-
vided more of the 'bent' conformation 
which is required to form the 'long 
electrostatic bond' between carbon and 
nitrogen. 
The Ninth Sheffield Stereochemistry 
Symposium will be held on Wednesday, 
20 December 1972. 
J. F. Stoddart 
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1.1 INTRODUCTION 
In recent years conceptual advances in stereochemistry have not only 
heralded the growth of a new language but have also been the signal for a 
re-appraisal of much of the older terminology which has been employed by 
chemists in the past. Such is the importance of these new developments in 
stereochemical nomenclature that any review devoted to a discussion of 
stereochemistry at this point in time must necessarily pay some allegiance 
at the outset to matters of nomenclature. 
Since the emergence of conformational analysis from the original principles 
expounded by Barton and Hassel in the early 1950s, numerous reviews', 
textbooks' 2- l-, and monographs1 5-17 have been published, and the conforma-
tional aspects of stereochemistry have received a lot of attention in the 
original literature and in review organs such as Progress in Stereochemistry 
and Topics in St ereochemistry. Nonetheless, the development of the discipline 
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has tended to be empirically based and predictive approaches have been of a 
semi-quantitative nature. However, with the advent of high-speed electronic 
computers, the long-standing ambition of chemists to be able to calculate the 
geottetrY and energy of a molecule with some degree of accuracy and 
reliability is finally beginning to be realised. It would therefore seem to he 
appropriate to review this new and developing field of theoretical con 
formational analysis in the second part of this article. 
1.2 NOMENCLATURE 
1.2.1 Symmetry and chirality 
The symmetry properties of a particular molecular conformation may be 
defined in terms of its symmetry elements which in turn may be recog-
nised 13 ' 14 " 8  by certain symmetry operations (Table 1.1). Molecules which 
have either a plane (aS 1 ) or centre of symmetry (iS 2 ), 
or any other rota-
tion—reflection axis (S with n> 2) of symmetry have reflection symmetry 
and 
are said to be achiral. Molecules without reflection symmetry are said to be 
chiral",", 19.20 and those devoid of all symmetry elements apart from the 
identity element are said to be asymmetric. It should be noted that chiral 
Table 1.1 Symmetry elements and symmetry operations 
Symmetry elements 
	 Symmetry operations 
C 	(axis of symmetry) Rotation about an axis through 
360°/n 
at (plane of symmetry) Reflection in a plane 
it (centre of symmetry) Inversion through a centre 
Rotation about an axis through 360=/n S. (rotation reflection) 
(axis of symmetry) followed by reflection in a plane 
perpendicular to the axis 
°All molecules have irisial C 
axes which are referred to as the identity elements. C. 
fA plane of symmetry corresponds to the pciaI ca..c where S has n = 
A centre of symmetry corresponds to the pcctai ca..e uhere S. has n = 1 
molecules can have an axis of symmetry [(+ )-tartaric acid, for example, has 
a C2  axis associated with its Fischer projection] and hence not all chiral 
molecules need be asymmetric, although all asymmetric molecules are 
necessarily chiraP 8. It is for this reason that the term 
centre of chirality 
(sometimes abbreviated to the less precise term chiral centre) has superseded 
the older term asymmetric centre. The word chiral (Greek cheirhand) was 
first employed by Lord Kelvin in 1884 to describe geometrical figures or 
groups of points which exhibited handedness' or what he preferred to call 
chirality. This terminology was subsequently introduced into the stereo-
chemical literature by Cahn, Ingold, and Prelog' 9  in 1966 at the suggestion of 
Professor K. Mislow. 
2.2 Chemical topology 
Chemical topology is concerned with the geometrical properties of molecules 
as represented by molecular models. As far as molecules are concerned, 
chirality may be exhibited in either two- or three-dimensional space. 
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Prelog22 has found it convenient to discuss chi rality in terms of sinipiccs —  
spcciltcally, triangles (1), (2) and (3) to represent two-dimensional space and 
ttrahcdra(4), (5) and (6) for three-dimensional space as shown in Figure J.J. 
Planar molecules such as acetaldehyde, and pyruvic, malcic and fumaric 
acids, may be represented by the C 1 simplex (3) and are therefore chiral in 
AA ... 
(I) 	(2) 	(3) 	(4) 	(5) 	(6) 
Figure 1.1 The symmetry properties of the simplices 
used to describe molecular geometry 
two-dimensional space, a fact which enzymes can most convincingly demon-
strate. For geometrical figures occupying three-dimensional space, the 
symmetry properties of the tetrahedra (4),(5) and (6) in Figure 1.1 define the 
element of chirality as being either a centre (Yd),  an axis (D ad), or a plane 
(C5). These simplices are also the geometrical reference figures for elements of 
prochirality and pseudo-asymmetry which are discussed later on. 
Molecules with centres of chirality fall into different classes as shown in 






(14) 	 (15) 
Figure 1.2 Examples of molecular types with centres of chirality (7)—(1I), axes of chirality 
(13) and (14), and planes of chirality (15). An axis of chiralit y is based on the elongated 
tetrahedron (5) whereas a plane of chirality is based on the C tetrahedron (6) 
C 1 class includes compounds with a chiral centre as in XABCD (7) and also 
certain adamantoid derivatives (8). De-symmetrisation of a centre, thereby 
converting an achiral molecule into a chiral one, can also be achieved by 
associating the ligands with rings. Thus, spiro compounds XAABB (9). of 
which spiro[4,4]nonane-1,6-dionc (Y = 0) is an example 24; belong to the 
class C2 and the hexahydrotriphenalene XAAAB (10) provides an illustration 
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of class C 3  type compounds. The demonstration of chirality in compounds of 
the type XAAAA (11) which belong to class D 2 was achieved only recently 
when a number of compounds called vespirenes (12) were synthesised 25 . The 
absolute configurations of all the compounds prepared were determined 
from their chiroptical properties in several different ways and the (---
vespirencs were all shown to have the (R)-configuration. 
n = 6, 7 or 8 
(I 2) 
In appropriately substituted allenes (13) and biphenyls (14), the element 
of chirality is an axis (see Figure 1.2). On the other hand, a chiral plane is 
evident in molecules such as the chiral paracyclophane (15) shown in Figure 
1.2. The helicity which is characteristic of the helicenes and of the secondary 
structures of many proteins, polysaccharides and nucleic acids may be con-
sidered 19  as a special case of chirality. 
1.2.3 Isomerism 
Stereochemistry is concerned primarily with the chemistry of isomers which 
may be related constitutionally, configurationally, or conformationally. 
This statement immediately raises the question of what is meant by the 
terms constitution, configuration, and conformation. The definition of these 
terms has been the subject of some debate recently and the general consensus 
of opinion at present is summarised in the IUPAC Tentative Rules for 
Fundamental Stereochemistry 20. Here, it is sufficient to state that constitution 
refers to the nature and sequence of the bonding between atoms in molecules, 
configuration to the particular spatial arrangement of atoms in molecules 
without regard to those arrangements which differ only on torsion about 
single bonds, and conformation to the different spatial arrangements of atoms 
in molecules obtained on torsion about one or more single bonds. When 
bonds with partial and formal 7, bond character have to be considered, the 
distinction between configuration and conformation is not so clear-cut. For 
discussion of this problem, the reader is referred elsewher& 31420 . Only when 
the constitution, configuration, and conformation are all known, is the 
structure of a molecule defined. 
With reference to polymers the term primary structure relates to the 
constitution of the polymer and to the configuration of all the chiral centres 
along the chain or in the side chains. When the conformation of the chain is 
defined, the secondary structure is known. The term tertiary structure is 
employed to describe how two or more chains in the same or separate 
molecules interact intramolecularly and intermolecularly (e.g. to form 
double and triple helices). 
Acceptance of the above definitions leads to a distinction between con- 
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stitutional, configurational, and conformational isomerism which can be 
further clarified by assuming that only molecules in their ground states 
qualify to be called isomers. None the less, completely arbitrary distinctions 
based upon the height of the energy barrier to interconversion tend to be 
drawn. For example, tautomerism is often used to describe a class of readily 
jnterconvertible constitutional isomers. at the other end of the scale 
some authors prefer to refer to those conformational isomers which are 
stable enough to be isolated as exhibiting airopisonierism. 
Isomers of the configurational and conformational type may be referred to 
collectively as stereoisomers, which in turn, may be enantiorners or diastereoiso-
,ij This dichotomous subdivision. which was first suggested by Whcland 
and has now gained general acceptance 13-20-21-26, is based on the simple 
premise that stereoisomers which are not enantiomers are diastereoisorners. 
This means that not oily stereoisomers such as (+ )-tartaric acid and meso-
tartaric acid, or cis- and trans-1,3-dimethylcyclohexane, which contain chiral 
centres are classified as being diastereoisorners but so are stereoisomers such 
as cis- and trans-1,4-dimethylcyclohexane. or cis- and trans-but-2-ene, which 
are devoid of centres of chirality. Although the term cis—trans isomerism has 
been retained 21-21 to describe special cases of diastereoisomerism, terms such 
as optical and geometrical isomerism should soon fall into disuse. 
In some instances, special nomenclature is justified by novelty as in the 
case of some cyclopeptides which have been called 21.2.8  cyclostereoisomers. 
Those which are related as object is to mirror image may be considered to 
exist as enantiomers depending on the direction, clockwise or anticlockwise, 
in which the peptide bonds are oriented. Another type of stereoisomerism is 
exhibited by cyclic molecules like catenanes, which form interlocking rings. 
This has been termed 14-29-30 topological isomerism. 
The RS nomenclature system for specifying absolute configuration 3132 
has undergone"" some important revisions recently. For example, the 
complementation procedure associated with the formalistic treatment of 
multiple linkages as multiple single bonds has received some modifications 
as have the rules governing the specification of axial chirality in systems such 
as biphenyls. In addition, a new pair of configurational descriptors, Z 
(Zusammen) to replace cis (seqcis). and E (Enigegen) to replace trans (seqtrans) 
has been introducedTh33  to specify configuration in substituted olefins, 
with the advantage that they may be readily incorporated into the systematic 
names of such compounds. Finally, with regard to configurational descrip-
tors, the Beilstein r system for naming diastereomeric polysubstituted 
cyclanes has been adopted 20,21. 
With the aid of the sequence rule 19,  conformations are described 20 as 
being synperiplanar (sp), synclinal (sc), antic/ma! (ac) or antiperiplanar (ap) 
according as the torsion angle is within 30 degrees of 0, ±60, +120, or 
± 180 degrees, respectively. 
1.2.4 Topism 
One of the most recent conceptual advances in stereochemistry has been the 
recognition"-"', 17,21,26,34  that pairs of ligands in molecules may be defined 
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in terms of their intramolecular relationships (Figure 1.3). Thus, if ligands are 
in constitutionally different environments, they are said 2135 to he con-
stitutionally heterotopic (Greek zopos = place), whereas ligands in stercoiso-
mericallY different environments are said 21,31.35 to be stereoheterotopiC. More 
specifically, stercoheterotOpic ligands are 226 ' 35  enantiotopic, if their 
consecutive replacement by some test ligand leads to a pair of enantiomerS, 
and diastereotopiC, if diastereoisomerS result from such a substitution 
or 
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CI p 	cia 	ci ci 
, 
or 	>c 
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Homotopic 	 Identical 
hydrogens 
(19) 
Figure 1.3 Topic relationships between ligands in molecules 
procedure. Finally, ligands which are in constitutionally identical environ-
ments, and which on applying the above substitution criterion result in a 
single compound, are said to be equitalent or hornoropic2 ' 4 . These different 
kinds of intramolecular relationships are illustrated in Figure 1.3 and it 
should be noted that while hornotopic ligands may be exchanged by a 
C symmetry operation, and enantiotopic ligands by an S symmetry 
j 
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operation, diastereOtOpic ligands, in common with constitutional ligands, 
cannot be exchanged by any symmetry operations on the molecule. 
Molecules containing atoms (X) of the type XAABC, which carry stereo-
heterotopic ligands B and C, be they enantiotoPic or diastcreotopic, are 
said' 3,21.26.34.36 to have a centre of prochirality, 
since replacement of either 
A.:A 	 A.A 
Figure 1.4 Examples of molecular types 	j 
with an axis of prochirality 	
B 	 B C 	 A  
(20) (21) 
of the paired ligands A by a different !;,-,and, generates a chiral centre. It 
follows that prochirality is closely associated with chirality and may be 
exhibited by both chiral and achiral molecules. In addition, just as one may 
speak of an axis of chirality, so one may speak of an axis of prochirality. 
Figure 1.4 demonstrates that this prochiral element is a property of appro-
priately substituted allenes (20) and (21) for example. The relationship 
fl 4 H 	OCH, 




H.1' H. 	CN 
H.,OH 
- C=O + HCN - H3COH 	
+ 
H5CCN 
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CH, C.H, r. H, 





• 	 Figure 1.5 	Topic relationships between faces in mole- 
cules 
between prochirality and chirality is vell-defined and led Hanson" to 
utilise the sequence rule 19  to specify the paired ligands associated with 
prochiral elements. If replacement of one of the paired ligands by a ligand 
of higher priority leads to (R)-chirality, then the ligand is designated pro-R 
and given the descriptor L R ; if it leads to (S)-chirality, then the ligand is 
designated pro-S and given the descriptor L (see (17a) and (18a) in Figure 1.3). 
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Topic relationships and prochirality are also important considerations in 
the description of double bonds associated with sp 2 hybridised carbon 
atoms21 ' 26 '. As shown in Figure 1.5, carbonyl groups may havcfaces which 
are homotopic [e.g. formaldehyde (22)], enantiotopic [e.g. acetaldchydc (23)], 
or diastercotopic [e.g. 3-phenylbutan-2-one (24)]. StercoheterotopiC faces 
may be specified by employing the Cahn— lngold—PrClog sequence rule 19 
in two dimensions such that if the arrangement of ligands according to the 
usual priorities is clockwise, the face is designated re, whereas an anti-
clockwise arrangement of ligands defines an si-face. 
Atoms (X) of the type XAABC are not always prochiral. If the paired 
ligands A each contain a source of chirality and are enantiomeric by external 
comparison, then a molecule containing such an atom is said 13 to have a 
centre of pseudo-asymmetry. Molecules containing pseudo-asymmetric centres 
are achiral [e.g. 1,5-dideoxyribitol (25) and 1,5-dideoxyxylitol (26) in Figure 
1.6] if ligands B and C are achiral, but if either or both of these ligands con-
tain a source of chirality, then the compound [e.g. (27) in Figure 1.6] itself is 
necessarily chiral. The phenomenon of pseudo-asymmetry manifests itself 
in the form of axes and planes of pseudo-asymmetry as well. In the substituted 
CH, 	 CH, 	 CH, 
(S) H—--OU 	(5) H—--OFI 	(Si H-4—OH CH, 
I
I 	
I) H—(—OH 	WHO—C—H 	(s) H—C—CH,—C —OH 
I 	 I 	 I 	I 
(R)H—(—OH 	(R)H—C--OH 	(ThU—C—OH H 
CU, 	 CH, 







Figure 1.6 Examples of molecular types with centres, axes, and planes of pseudo-
asymmetry 
biphenyl derivative (28) in Figure 1.6, the two c-phenylethylamine residues 
are of opposite chirality and the axis which is indicated is pseudoasym-
metric 25. On the other hand, the 1,2-disubstituted ferrocene (29) in 
Figure 1.6 has a plane of pseudoasymmetry relating the carbomenthoxy 
residues of opposite chirality. Although the term pseudochirality has been 
advocated by Goldberg and Bailey 31 in their paper on 1 12-disubstituted 
ferrocenes, Professor V. Prelog is of the opinion that it should not replace 
the term pseudo-asymmetry at this stage. 
In order to specify the intramolecular relative configurations of the 
stereogenic elements using the Cahn—Ingold—Prelog convention, a sub-rule, 
which states"' that for paired chiral ligands L R  precedes L 5 , is employed. 
The intramolecular relative configurations are then specified by (r) and (s) 
STEREOCHEMISTRY 
in a manner similar to the specification of absolute configuration at chiral 
elements by (R) and (S). 
	
StereoheterOtoPism and pr 	are extremely important concepts31. 
in biochemistry and have been discussed within this context clsewhcre 2639. 
Enzymes are chiral reagents which are uniquely stereoselcctive and have the 
ability to distinguish between enantiotOpiC, as well as diastereotopic, higands 
and faces. It should be appreciated that this statement is based on symmetry 
principles which are fundamental and hence not subject to experimental 
verification 26 whereas the original three-site enzyme—substrate attachment 
hypothesis proposed by Ogston° is a physical model which may or may not 
be an adequate description depending on the particular situation under 
investigation. 
Symmetry criteria and topism are useful considerations when interpreting 
n.m.r. spectra. Under examination in chiral or achiral solvents, homotopic 
nuclei exhibit the same chemical shifts and are said 26 to be isochronous, 
whereas diastereotopic nuclei exhibit different chemical shifts (barring 
accidental coincidence of signals) and are said" to be anisochronous. Enantio-
topic nuclei are isochronous in achiral solvents, but may be anisochronous, 
at least in principle, in chiral solvents. Pirkie and his collaborators 41 
have convincingly demonstrated this fact for nuclei which are enantiotopic 
by external comparison. For example, the 1 H n.m.r. spectra of a number of 
enantiomeriC a-amino acid methyl esters were found' to differ appreciably 
in chiral 2,2,2-tniuluoropheflYlethanol as solvent. This observation has not 
only been used to determine optical purities but has also been recommended 
as the basis of a method for determining the absolute configurations of 
ct-amino acids, since the 'senses' of the chemical shift non-equivalences were 
found to be the same for fifteen cc-amino acid methyl esters. 
It is also possible in some cases to make relative configurational assign-
ments on the basis of comparisons of symmetry relationships of nuclei with 
the nature of their nuclear magnetic resonance signals. Acid-catalysed 
reaction of( ± )-cyclohexane-tranS- 1 ,2-diol with formaldehyde yields. amongst 
other products, the diastereomeric ,nesoditrans2hydnoXyCyCl0heXyboxy) 
methane (30) and (31). Com-
parison of their symmetry properties indicates that the nzeso isomer (30) 
with C5  symmetry has diastereotopiC 0-methylene protons, whereas the 
racemic modification (31) with C 2  symmetry (for each enantiomer) has 
homotopic 0-methylene protons. Accordingly, the compound with aniso-
chronous 0-methylene protons (an AB system) as assigned 45 to the meso-
isomer (30) while the compound with isochronous 0-methylene protons 
OU<H1O 	(a ~ H H _0 
OH HO OH HO 
(30) 	 (3i) 
- (a sharp two proton singlet) was assigned 4s to the racemic modification (31). 
Sometimes it is not possible to observe diastereotopism because of accidental 
chemical shift equivalence (cf. Ref. 46). In this case a change of solvent or 
temperature is often rewarding since the magnitude of chemical shift 
differences can vary considerably depending on conditions such as these. 
10 	
STRUCTURE DETERMINATION 
Conformational isomerism can also influence 41  the magnitude of the 
chemical shift non-equivalence ofdiastereotOPiC nuclei. In the conformational 
isomers (32a—c) shown in Figure 1.7 1  the observed chemical shift non-
equivalence for the diastereotopic nuclei (X) will be a weighted average of the 
non-equivalences in the three conformers. Thus, 
AV0b3 =Y_ XAV1 
 
where X i  is the mole fraction of conformer i and A v i = v, 
- v, the difference 
in chemical shift between nuclei X 1  and X in conformer i. Even under 
conditions of rapid rotation and equal population of all three conformers, 
the X nuclei are diastereotopic. The contribution to 1VObS resulting from the 
so-called intrinsic diastereoisomerism is given by 
Av id = 4iv1) 	 (1.2) 






_)AV1 	 (1.3) 
and recognising that the first term in this equation is dependent on conformer 
populations, it follows that, 
AVobs = 	
( 1.4) 
where Av, is the contribution to Av 0b, resulting from unequal conformer 
populations. In the case of CF 2 BrCHBrC1, Av id has been calculated"' from 
the low-temperature n.m.r. spectrum to be 1.0 p.p.m. which means 47 that 
Av has a value of 2.4 p.p.m. at room temperature. It has been found
49 
- that at high temperatures Av cP —' 0 and hence Lv 0b5 = Avid, but recent investi-
gations on 2isopropyldi met hYIamiflomethYlferro1 indicate 50 t hat the 
temperature dependence ofv is not described by any simple relationship. 
A second kind of non-equivalence is observed 26  in n.m.r. spectroscopy. 
This is spin coupling non-equivalence and nuclei which exhibit it are said" 
to be anisogamous. Spin coupling non-equivalence occurs when a set of 
Y 	 Y 	 Y 
BC 	 C 	A 	 A 	B 
X. 	X. 	 X., 	X 	 X 	X 
A 	 B 	 C 
(a) 	 (b) 	 (c) 
(32) 
Figure 1.7 Conformational isomers with diastereotopic nuclei (X) 
homotopic or enantiotopic nuclei is spin coupled to another set of homotopic 
or enantiotopic nuclei, provided the nuclei in the first set bear a diastereomeric 
relationship to the nuclei in the second set 26 . This phenomenon is perhaps best 
illustrated with the aid of an example. In 2-methyl-1,3-dioxolan (33) there 
are two pairs of enantiotopic hydrogens, namely H A  and H A., and H s and 
He., and it is possible to distinguish between two types of vicinal coupling 
constant;  one of which is a cis coupling between H A  and HA . (or H B and He.) 
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and the other which is a trans coupling between H A and H. (or H A. and 
H,,). The relationships'-'A/H,, = H/H 8. and H A/FI B . = HA ,/H, are diastereo-
meric and the corresponding vicinal coupling constants arc j, = JBB and 
JAB' = AB• Provided the difference in the chemical shifts of the two sets of 
 
enantiotopic nuclei is of the same order of magnitude as the coupling 
constants, this spin system is referred to as an A A'BW system, or according to 
a recently suggested notation 53, an [AB] 2 system. 
C(C11 3 ) 3 
	
01-410 	 _____  
I 	I 	0 	 I 
CCH,, 	
H2C 	o 




SbCI6 	 SbC1 6 
 
00 	 00 
(CH 3)N_. N(CH 3 ) 2 	 (CH.,) 1 N._ N(CH 
I) 	 U 
NC 
ICII




D 	H® 	 D 	 D 
D" HQ) D 	
110 




C(CH 3)3 CI (CH 3 ) 3 
 





F® 	 F® 	 F® 
 
Figure 1.8 The various types of topomerisations 
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1.2.5 Topomerism 
A nomenclature system for intramolecular exchange processes 54 ' 55, which 
do not involve any change in structure and can frequently be followed 
quantitatively by dynamic n.m.r. spectroscopy 56 ' 57 has been proposed" 
recently. It is based on the topism nomenclature of the previous paragraph 
and identifies a process which leads to interchange of identical ligands between 
distinguishable chemical or magnetic environments as a topomerisazion. The 
indistinguishable species involved in the exchange are called topomers. The 
various types of topomerisations that occur are summarised in Figure 1.8. 
Valence bond or constitutional heteroroponierisation is exhibited by a 
number of compounds including di-O-pivaloylpentaerythritol-O-pival-
oxonium hexachloroantimonate (34)50 Diastereotopomerisations are very 
common, e.g. (35)5960 and (36)61;  enantiotoponerisaLions, e.g. (37)62,  and 
even honiotopomerisations, e.g. (38), can be studied-12  by dynamic n.m.r. 
spectroscopy when the enantiotopic nuclei are anisogamous. 
1.2.6 Conclusions 
It will be evident from the preceding treatment of isomerism, topisni and 
topomerism that there are close analogies which can be drawn between the 
symmetry-based inter- and intra-moiccular relationships associated with 
these phenomena. The importance of symmetry considerations in organic 
chemistry at both the molecular, and orbital level has only been appreciated 
in the last few years and the benefits to our understanding of the behaviour 
of organic molecules have already been enormous. This is surely nowhere 
more obvious than in the impetus given to the study of concerted processes 
(now called pericyclic reactions) by the Woodward—Hoffmann orbital-
symmetry rules 63 . The control of the stereochemical courses of reactions 
by the orbital-symmetry characteristics of the reactant and product energy 
levels has led to the rationalisation cf a lot of old reactions and the discovery 
of many new ones. The high stereospecificity of pericc1ic reactions has been 
interpreted in a number of ways and the many excellent reviews 61-12  available 
on the subject, in addition to the somewhat limited scope of this article, 
render any present consideration of the stereochemical aspects of pericyclic 
reactions unnecessary. 
Finally, general set theory, topology, and group theory have been 
shown73 ' 74 to pervade almost all branches of static and dynamic stereo-
chemistry. In particular, group theory has proved useful in predicting the 
courses of asymmetric synthesis 74 ' 
1.3 THEORETICAL CONFORMATIONAL ANALYSIS 
1.3.1 Introduction 
Theoretical conformational analysis is concerned with the problem of 
calculating by some means the energy associated with a particular conforma-
tion of a molecule. The laws of quantum mechanics provide the basis for the 
most complete description of the behaviour of microphysical particles and, 
in principle at least, should be capable of wide application. Until very recently 
conformational problems presented by the relatively complex molecules 
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which interest organic chemists have proved extremely difficult to solve by 
quantum mechanical approaches. Today, however, with the availability of 
high-speed electronic computers and the development of efficient programmes 
(e.g. 'POLYATOM' Th, IBMOL", and 'MOLE 
'71) to carry out oh initio 
calculations using self-consistent field-linear combination of atomic orbitals-
molecular orbitals (SCF—LCAO--MO) theory' °, the position has changed 
and the scope of theoretical conformational analysis has been broadened 
considerably8083. These ab initio methods have provided some physical 
insight into the detailed nature and origin of certain conformational processes 
(particularly pyramidal inversion s 8082'' 85. They have also been useful for 
predicting energy barriers for as yet unreported conformational processes, 
and for providing information about situations where a compound has 
either not been prepared or has a hypothetical existencc 82. Unfortunately, 
however, the SCF—LCAO--MO approach is limited 8082 , regarding its 
potential accuracy, to molecules which contain no more than three heavy 
atoms (e.g. carbon, nitrogen, oxygen, etc.) and their complement of hydrogen 
atoms. For more complex molecules, the chemist has to resort to the use of 
semi-empirical methods of either a quantum or classical mechanical nature. 
Semi-empirical quantum-mechanical approaches have also undergone 
considerable development in recent years, and depending on the level of 
sophistication at which calculations are required. Several treatments such 
as those based on extended Huckel theory (EHT) 86, complete neglect of 
differential overlap (CNDO) 8 , intermediate neglect of differential overlap 
(INDO)89, and modified intermediate neglect of differential overlap 
(MlNDO) °  are available. All these schemes depend on a number of empirical 
parameters which are usually judiciously varied in the case of a few selected 
model compounds in order to obtain correspondence with some experi-
mentally determined data. Thereafter, it is usually assumed that calculations 
on similar compounds employing these suitably adjusted parameters will be 
of predictive value. Since methods of the above type are based on quantum 
mechanics, they potentially provide deeper physical insight into the nature 
and origin of conformational processes 82 ' 9 ' than do methods based on 
classical mechanical approaches 9293. Nevertheless, for calculating the relative 
stabilities of different conformations of a wide range of compounds from 
low molecular weight hydrocarbons to naturally-occurring polymers, 
classical molecular mechanics have proved to be invaluable. With a suitable 
choice of force field and by optimisation of the mechanical force constants 
with respect to structural, vibrational and other data, the method can 
become94  a very powerful tool for obtaining quantitative information. 
Although such an approach is usually described as being classical, it has 
been suggested 95  that the set of semi-empirical functions which are chosen to 
define the force field need not necessarily be considered as deductions from 
classical physics but rather as representations of an empirical Born 
Oppenheimer approximation where the ground state of a molecule is 
considered to be a continuous function of its atomic coordinates. Irrespective 
of this consideration, the method provides the most direct link between the 
semi-quantitative approach's, 96, which relies on empirically-determined 
conformational free energies, and the emerging discipline of theoretical 
conformational analysis. 
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1.3.2 Non-empirical (ab initio) calculations 
Non-empirical SCF—LCAO--MO calculations are based" 82 on the follow-
ing stepwise approach: 
Constructing the molecular wave function from one electron molecular 
orbitals obtained from a linear combination of atomic orbitals. 
Examining the total energy with reference to a self-consistent field 
treatment. 
Making allowances for electron correlation and relativistic effects. 
The majority of SCF—LCAO—MO calculations have been performed 
within the so-called Hartree—Fock framework which neglects electron 
correlation and relativistic effects. Since such effects would normally increase 
the total energy by less than 1 %, this approximation is not too serious 82 . 
Moreover, in conformational analysis, ground state and transition state 
energies are usually being compared and so it is hoped 12  that these effects 
will cancel out. More important, as regards achieving accuracy in the final 
result, is the choice and size of the basis set of atomic orbitals (i.e. the number 
of s and p orbitals) which are used to construct the molecular orbitals. The 
inclusion of polarisation functions, such as 2p-type functions on hydrogen 
and 3d-type functions on heavy atoms, give 8082  more freedom of movement 
to the electrons and have led to some particularly successful calculations; 
examples include the inversion barriers in ammonia 97  and in aziridine 98. 
Geometrical optimisation of bond lengths and bond angles should pre-
ferably be performed W-112 on the ground state and more especially on the 
transition state. In practice, however, a compromise has to be reached in 
which the importance of all these factors is assessed against the expenditure 
of computer time. In the final analysis, decisions demand some chemical 
intuition and, as a result, the method includes many of the attributes of the 
experimental approach. 
Energy component analysis has proved 80  extremely useful in providing 
physical pictures for the description of conformational processes. The total 
energy, ET, of a molecular conformation is considered to be the sum of four 
terms: the nuclear—electron attraction l', the nuclear—nuclear repulsion 
F,, the electron—electron repulsion 1', and the kinetic energy of the 
electrons T: 
ET = (,Attraction +(V,0 + l'  + T)repuis j on 	 (1.5) 
Equation (1.5) shows that there is an attractive component of ET  which is 
F and a repulsive component which is J',,. + Vee ± T On this basis, con-
formational energy barriers may be designated as being attract icc-dominant 
if the repulsive term decreases less than the attractive term on going towards 
the transition state. Conversely, the barrier is designated as being repulsive-
dominant if the repulsive term increases more than the attractive term 
decreases. 
Repulsive-dominant threefold energy barriers have been found in 
ethane'°°' 101, propan& 02, ethyl fluoride, methanoP°°, methylaminet 00, 
and methanthiolt 03. On the other hand, hydroxylamine 104, hydrogen per-
oxide100"05, hydrogen disUlphidet 06, fluoromethanol 83 ' 101, CH 2 OH, and 
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CH 2SH 83 ' 103  exhibit twofold energy barriers, one attractive-dominant and 
the other repulsive-dominant. Table 1.2 indicates that molecules of this 
general type in which vicinal atoms carry non-bonding electron pairs or 
polar bonds fall into a special category. This important recognition has led 
Wolfe03107  to formulate a stereochemical rule which he has called the gauche 
effect: when non-bonding electron pairs or polar bonds are placed or are 
generated on adjacent pyramidal atoms, syn- or anti-periplanar orientations 
are disfavoured with respect to that conformation which contains the 
maximum number of gauche interactions. In addition, the relative importance 
of the gauche effects associated with polar bonds and non-bonding electron 
pairs is polar bond–polar bond>polar bond–lone pair>lone pair–lone 
pair. 
Non-empirical SCF–LCAO–MO calculations have reproduced 83 ' 107 the 
expected energy profile for torsion around the C—O bond of fluoromethanol 
which was chosen as a model compound to study the ancmeric effect, a 
phenomenon well-known" , 10  to chemists who are familiar with the stereo-
chemical properties of carbohydrates. The stable conformation shown in 
Table 1.2 for fluoromethanol has the C—F bond anti-periplaflar to one of the 
non-bonding electron pairs and gauche to the other. So far in this discussion, 
Table 1.2 A comparison between theoretical and experimental data for 
molecules which exhibit the gauche effect 
Preferred 	 Torsional angles, 4) 
Compound 	 conformation 	 theoretical 	
experimental"  







H 	T H Order of stabilities 
H2P_PHj 
H c2 >C20 >C21 109 90-100' 
1230105 111 0 
HO—OH H 
HS—SH J 900 36"06  91° 16' 
it has been tacitly assumed that non-bonding electron pairs on heteroatoms 
are localised in sp 3  orbitals. Although such a formalisation is useful lor 
diagrammatic purposes and for expressing stereochemical rules, there is 
little evidence in favour of it. Indeed, the fact that the calculations on fluoro-
methanol show' 07 that the potential field experienced by the C—F bond is 
almost homogeneous over the torsional angles 120-240 degrees suggests 
that the polar bond interacts with delocalised non-bonding electron pairs. 
This means that phenomena such as the anomeric effect should be con- 
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sidered primarily as arising from interactions between bonded electron pairs 
in polar bonds. 
The gauche effect is a sophisticated rationalisation of a situation that 
occurs frequently in both acyclic and cyclic, compounds which contain 
heteroatoms associated with a particular carbon atom. Previously, the 
stereochemical implications of the gauche effect had been summarised by 
Eliel° 9 ' 1"' 2  in a generalisation he has referred to as the rabbit-ear effect; 
those conformations in which non-bonding electron pairs on non-adjacent 
heteroatoms (X) are parallel or syn-axial (Figure 1.9) are disfavoured. This 
rule is substantiated by the known conformational preferences in a large 
number of situations amongst both acyclic (e.g. dimethoxymethane 9" 0" 1 
and polyoxymethy1cne9' I.  ) and cyclic (e.g. 2-alkoxytetrahydropyraflS' 3 , 
2thioalkoxytetrahydroPYraflS' 14 2-alkoxy- 1 ,3-dioxanes 9"°' 11 ' and appro-
priately substituted 1,3-oxazanes9 116 and 1,3-diazanes9' 
111, 112,115,117) 
00 x 	x 
C' 
I' 
Figure 1.9 The rabbit-ear effect 
compounds. Thus, in cis4,6-dimethyl-2-methOXy- 1 ,3-dioxane (Figure 1.10) 
the axial isomer with one syn-axial lone-pair interaction (A) is preferreci9 10.111 
to the equatorial isomer with either two (El) or three (E2) such interactions. 
In addition, there is some evidence 118  from measurements of nuclear Over-
hauser effects that the equatorial isomer exists predominantly in the El 
conformation. Predictions based on rabbit-ear effects are not always com-
pletely reliable however. Recently, for example, dipole-moment measure-
ments119  and comparisons of chemical shift data in the 1 H n.m.r. spectra 
1\ CII, 
CH, 
: HC 0 & o TZD 
CH, 	 CII, 	 CH, 
El 	 E2 	 A 
Figure 1.10 Sm-axial lone pair interactions in the equatorial (El and E2)and 
axial (A) isomers of cis_4,6.dimethyI2mCthoxY-1,3-dioXane 
of some N,N'-dialkyl- I ,3-diazanes (39)—(42) have revealed that the equilibria 
favour the N,N'-diequatorially-substituted isomers (39a)—(42a) in all cases. 
Even with N,N'-2-trimethyl-1,3-diazane (43), which does exist"` pref-
erentially as the isomer (43b) with one of its N-methyl groups axial, the 
rabbit-ear effect is estimated"" to be small and it would appear that steric 
interactions between the three equatorial methyl groups in (43a) are chiefly 





R 	= CII,: R 2 = 11 





R' = (CH,).C)I: R 	= H 
R 	= (CH,),C: R 	= H 
R' = CU,; R' = CU, 
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The gauche effect has also been used ° 3 ' 101  to rationalise some aspects of 
the stereochemistry of organosulphur compounds as well as to examine the 
syn-anti-dichotomy 120  surrounding olefin-forming fl-eliminations. 
Table 1.3 lists some recently calculated barriers to pyramidal inversion by 
non-empirical SCF–LCAO–MO methods. In each case the most stable 
Table 1.3 Calculated barriers to pyramidal inversior obtained by non-empirical 
(at initio) methods 	 + 
Species 	 intersion burrier/kcal mot 	 Reference 
CH3 	 5.46 	 121 
20.85 	 122 
4H 	 52.3 	 123 
NH3 	 5.08 	 S 	 97 
5.2 124 
(CH 3 ) 2 NH 	 8.6 	 81 
NH2CN 1.85 . 	 125 
NH 2 F 	 20.3 	 125 
NH2SiH3 0.7 126 
18.3 98  
H 15.5 123 
35.14 123 
PH, 37.2 127 
40.4 80 
iH 3 39.6 80 
SH 3 30.0 80 
conformation is a pyramidal one and the transition state corresponds to the 
planar conformation. Where experimental values are available, e.g. for 
ammonia' (5.8 kcal moL l)  and for aziridine (>12 kcal moL 
1),  agree-
ment is good. Generally speaking, the best results have been obtained from 
calculations in which d-type functions have been included as polarisation 
functions. In the case of ammonia inclusion of d-type functions is almost 
entirely responsible for obtaining 97 the barrier of 5.08 kcal mol. whereas 
in phosphine, the calculated barrier is increased' 27  from 30.9 to 37.2 kcal moL' 
when p-type functions on hydrogen and d-type functions on phosphorus are 
added to the basis set. The barriers in ammonia and phosphine are 97121 
repulsive dominant. This can be interpreted 80  in terms of increased repulsion 
in the transition state between the lone pair on nitrogen or phosphorus and 
the bonding electron pairs in the N—H or P--H bonds, respectively. On the 
other hand, the inversion barriers in most of the remaining compounds 
(e.g. cyanamide' 25, fluoramine' 25, silylamin& 26, aziridin& 23, and oxaziri-
dine') in Table 1.3 are 8 ' attractive dominant. Comparison 808' of the 
magnitude of the inversion barriers in aziridine and oxaziridine shows that 
replacement of a methylene group with an oxygen increases the barrier 
height. Since it is not possible to distinguish between the effect on the 
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magnitude of the inversion barrier of the inductive withdrawal of electrons 
and the influence of lone pair—lone pair interactions between electrons on 
oxygen and nitrogen, a model system NH 2 H' (where the nuclear charge 
associated with 11' is varied) has been investigated. Calculations on this 
hypothetical molecule have indicated 80  that electronegativity effects may be 
sufficient to account for the increase in barrier heights brought about when 
heteroatoms are adjacent to nitrogen. Also, although the inversion barrier is 
repulsive-dominant when the HNH angle is unstrained (cf. ammonia), 
if it is constrained such that its size approaches that of the internal bond 
angles of a three-membered ring, then the barrier becomes, attractive-
dominant (cf. aziridine). 
The low barrier to inversion in silylamine is not much altercd' 26 by the 
inclusion of d-type functions on silicon, an observation which suggests that 
(d—p)ir bonding is not important as regards stabilisation of the transition 
state. The high barriers for inversion in 2-azirine and in the cyclopropenyl 
anion are probably explained 123, in part at least, by anti-aromatic destabilisa-
tion of the transition states. 
1.3.3 Semi-empirical quantum-mechanical calculations 
Amongst systems which are amenable to conformational analysis, the most 
detailed calculations employing semi-empirical quantum-mechanical 
approaches have also been carried out on molecules which exhibit pyramidal 
inversion. Although results obtained for barrier heights using CNDO/2 
and INDO methods have generally been too high 85  recent calculations 
with suitably parameterised MINDO' and CNDO/2 84 schemes have been 
quite successful. 
Table 1.4 lists some of these results and compares them with values 
reported from experiments or from ab initio calculations. In the calculations 
Table 1.4 Calculated, barriers to pyramidal inversion obtained by semi-
empirical methods 
Inuersion barrier/kcal moI 
Species 	 Method 	 Calculated"- ' 	 Reported" 
-cn3 	 MINDO 	 20.2 	 5.2 
CNDO/2 17.8 
411 MINDO 36.6 	 20.8 
CNDO/2 14.2 
CNDO/2 40.1 	 52.3 
NH 3  M1NDO 
CNDO/2 
3.7 	 5.8 
33.5 
CNDO/2 3.1 
CH 3NH 2 MINDO 
CNDO/2 





Intersirni harrier/kcal mot - '  
Species Method Calculated" - '" - Reported"  










MINDO - 	 10.5 	. 10.0 
16.5- 
MINDO 22.3 at ring nitrogen 22 
CNDO/2 30.0 at ring nitrogen 
N. CNDO/2 49.4 
20.5 
IN CNDO/2 33.4 21 
CNDO/2 34.0 35.1 
CNDO/2 33.9 32.4 
P(CH 3) 2 Si11 3 CNDO/2 18.7 18.9 
33 P(CH 3 ) 2 SH 3 CNDO/2 32.6 24.5 
P(SCH 3 ) 2 CH 3 CNDO/2 32.1 24 
(CH 3 )2 PP(CH 3 ) 2 CNDO/2 24.1 
CNDO/2 44.3 40 
-CH3 CNDO/2 
. 	 41.4 39 
SH 3 CNDO/2 29.3 
30.0 
CH 3 SCH 3 CNDO/2 37.5 
39.7 
0 
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employing the CNDO/2 method, the clectronegativities of the individual 
atomic orbitals were adjusted for the atom at the inverting centre (in such a 
way that the overall cicctroncgativitiCS of atoms remain almost constant) 
until agreement was obtained for one or two compounds of known barrier 
height in each series. This approach is tantamount to altering the s -- p 
promotion energy associated with the hybridisation changes (sp3 - p) that 
occur in the highest occupied molecular orbital (luring inversion. The 
calculations appear to be fairly reliable and even without geometry optimisa-
tion, the experimentally observed effects 51 ' 59 ' 80 ' 85  of steric interaction, 
angular constraint, conjugation, and heteroatomic substitution on pyra-
midal inversion are reproduced surprisingly well. 
It should be emphasised that these semi-empirical schemes only utilise 
valence shell electrons and, as a result, are inherently less capable of provid-
ing physical insight into the nature of a conformational process than are the 
non-empirical (ab initio) calculations. 
1.3.4 Semi-empirical classical-mechanical calculations 
In the classical-mechanical approach, molecular structures are regarded" 94 
as arrays of atoms held together by classical forces. Energy differences 
between different conformations may be estimated using classical mechanical 
formulae and when this is done it usually transpires that some molecular 
structures are calculated to be of higher energy than others. These structures 
are said 92,131 to be strained. Strain is a somewhat arbitrary concept 9294 ' 13 ' 
which can only be formulated relative to a 'normal' situation which is 
'strain-free'. This means that the method is usually incapable of yielding 
absolute energies. 
Relative molecular strain energies are compared for different molecular 
structures after their total potential energies ET  are obtained from expres- 
sions of the type, 
ET = E,(r)+Eo(0)+E()+Eflb(d)+Ee(O 	 (1.6) 
where E is the sum of the bond deformation strain, E0 is the sum of the bond 
angle bending strain, E, is the sum of the torsional strain. E flb is the sum of 
the non-bonded interactions, and E is the sum of any electrostatic inter-
actions. For small deformations in bond lengths and angles harmonic 
potential functions are assumed to hold and E and E0  may be calculated 
using Hooke's law: 
E1 = 	k,(r—r 0 ) 2 	 (17) 
E9 = k 0(0-0°)2  
where, respectively, the sums are over all bond lengths and angles, r0 and 00 
are the equilibrium bond lengths and angles, and k r  and k 0 are force con-
stants which may be obtained from spectroscopic data. Torsional strain is 
calculated using a simple cosine law: 
E = Y f V °(1+cosnct) 	 (1.9) 
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where V °  is the experimental barrier height, j is the torsion angle, and n 
is the periodicity (for ethane C—C-type bonds, n = 3). The potential 
functions employed for non-bonding interactions (E flb) are either the 
Lennard—Jones '6-12' function 93, 
En,, = (— A/d 6 +B/d12 ) 
or the Buckingham '6-exponential' function 93, 
E flb = )(— A/d6+Ce)  
where A, B, C and a are experimentally-derived parameters and d is the 
distance between the non-bonded atoms. When molecules contain more 
than one polar bond, electrostatic interactions (Ee) between two point 
dipoles p and P2 separated by a distance I are calculated using", Jeans' 
formula: 
Ee =(cos y3 cos C05 o) 	 (1.12) 13  D 
where D is the effective dielectric constant, ' is the angle between the dipoles 
and oc, and OC2 are the angles between each of the dipoles and a line joining 
them. 
The partitioning of the total energy ET  is an approximate treatment which 
ignores the fact that some interactions are counted more than once 92" 32 
and that there are cross products between the components of equation (1.6). 
The force field which this equation defines has been discussed recently by 
Allinger94  in a paper which recognises some of the deficiencies of a valence 
force field and suggests methods for improving upon it. In the early calcula-
tions it had been found necessary' 33,134 to employ modified angle-bending 
functions which only approximate to Hooke's law functions for small defor -
mations in order not to overestimate the magnitude of the angle-bending 
strain energy. However, since the force constants obtained from vibrational 
analysis depend"-` 135 on the remainder of the force field (particularly non-
bonded interactions), it seems to be more justi1iable 94 ' 136 ' to use smaller 
force constants carefully adjusted to yield good geometries for a few model 
compounds. 
The early calculations also predicted bond lengths which were too short in 
small-ring hydrocarbons such as cyclobutane. The reason for this was 94 
that non-bonded 1,3-interactions were not included, and as a result, these 
molecules tended to 'collapse'. A lack of quantitative knowledge on short-
range van der Waals interactions has encouraged 14 spectroscopists and 
others to either employ a Urey—Bradley field, where 1,3-interactions are 
included implicitly or to add interaction constants (e.g. stretch—stretch, 
stretch—bend, etc.) to the valence force field. Allinger° 4 has used the second 
approach to calculate a stretch—bend interaction energy ES ,, from the expres-
sion, 
ES,, = E k,O(r—r °)(O—O °) 	 ( 1.13) 
where k rO is an empirically-determined force constant. Inclusion of this 
potential function in equation (1.6) leads to calculated bond lengths for 
cyclobutane, cyclopentane and cyclohexane, which are in good agreement 
with the experimental values94. 
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A harmonic potential function has also been employed by Boyd' in 
C0fl11)OUfldS containing aromatic rings to account for out-of-plane deforma-
tions of substituent atoms. The potential energy E associated with an 
angular displacement 6 of a carbon-substituent bond from the plane of an 
aromatic ring is given by 
E5 =k52  
36 
• 	 wher k is the bond bending force constant. This function has been included'  
in calculations of strain energies of cyclophanes. 
Torsional functions and non-bonded-interaction functions have been 
discussed recently in some detail in review articles 92 ' 93 and in original 
publications94' 131,I39-141 Non-bonded interaction energies are composed of 
an attractive and a repulsive component. The attractive component, which 
arises from London dispersion forces, decreases rapidly with distance and it 
is customary9340  to employ a 'cut off' above a certain fixed distance in order 
to economise on computer time. Although such a procedure will under-
estimate attractive forces, it is usually hoped that in comparing two or more 
conformations any effects of this nature will cancel out. More important is 
the choice of function for the repulsive component which decreases even 
more rapidly with distance. Problems surrounding the selection of 'hard' or 
'soft' potential functions are aggravated 94" 3t" 4 ' by uncertainties regarding 
the use of intermolecular rare-gas potentials to obtain quantitative intra-
molecular interactions involving other atoms. Even if rare gases provide a 
reasonable model, it is still doubtful 131 " 4' if potential functions derived for 
them are applicable in molecules where the effective 'local' dielectric constant 
may vary and the spherical symmetry of the atoms has been perturbed. 
This latter point has been recognised 94 to be specially important in the case 
of hydrogen atoms where the electron density used in calculating non-
bonding interaction energies has been displaced 8% towards the bonded 
atom. 
When a molecule contains more than one polar group, electrostatic 
dipole—dipole interaction energies have to be calculated 142 as well. The 
problems associated with the application of the Jeans formula (equation 1.12)) 
towards calculating electrostatic energies are considerable and Stolow' 43 has 
recently gone as far as to suggest that its use be abandoned. Amid numerous 
difficulties, positions of point dipoles are not easy to locate exactly and 
choices of values for effective dielectric constants are necessarily arbitrary 
despite the fact that Robinson 142  has argued for a value of unity in all cases. 
In situations where the dipoles in a molecule are very close together, the 
problems become even more serious and it would appear that fresh 
approaches are required. Any new proposals should recognise the fact that 
the magnitude of electrostatic interactions are particularly dependent on 
the nature of the solvent. 
Once a set of potential functions and parameters have been decided upon, 
and a trial geometry, expressed either in internal or in Cartesian coordinates, 
is available, strain energy minimisation with respect to molecular geometry 
can begin. Although numerous computational procedures are now avail- 
92.93 to carry out the search for energy minima, the two most commonly 
used are Wiberg's method', which shifts each atom in turn, and Boyd's 
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mcthod'3138, which shifts all atoms cooperatively until an energy minimum 
is reached. Allinger 94  has recently discussed the merits of these two minimisa-
tion schemes and has outlined a modification of Wiberg's steepest descent 
method. A problem with all strain energy minimisation procedures is their 
propensity for converging to local minima rather than to true minima. In 
view of this, it is often advantageous to begin with more than one trial 
geometry in order to ascertain that the results are reproducible. Another 
problem which was evident 92 ' 94  in Wibcrg's original programme was its 
comparative insensitivity to torsional strain. This disadvantage has been 
partly surmounted 12,94 by using smaller incremental shifts for the atoms. 
The most successful calculations to date have been per- 
on acyclic and cyclic hydrocarbons (particularly 
z 	 z 
52 142 	 52 14/3 
5/3 142 	 5/3 142 
Figure 1.11 The isomeric androstanes 
medium-sized ring compounds) and more recent investigations have shown 
that the approach is capable of extension to molecules which contain double 
bonds and heteroatomst 49 . The competitive aspect of molecular mechanics 
vis-à-vis crystallographic methods of structure determination has been 
argued for quite convincingly by Allinger' 5° in a paper which reports the 
results of calculations on the relative stabilities of the isomeric androstane 
derivatives shown in Figure 1.11. The calculated and experimental relative 
Table 1.5 Calculated and experimental relative energies (kcal mol') for the 
isomeric androstanes 150 (Figure 1.11) 
Isomer 	 Calculated 	 Found 
• 5214/3 	 0.00 	 0.00 
5/314/3 0.73 1.48 
52141 	 1.18 	 1.77 
5/3142 1.86 2.66 
energies are listed in Table 1.5 and comparison shows that agreement is 
good considering the calculations were performed on molecules containing 
almost 50 atoms! The relative energies and side chain conformations of the 
C-20 epimers of 5cz-pregnane-3/3,20-diol have also been examined° using a 
modification of Boyd's programme". 
Calculations on different conformations of phenylcyclohexane and some 
of its methylated derivatives have demonstratedt 5 ' that the conformational 
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free energies of phenyl and methyl groups are not necessarily always additive. 
Assuming a chair conformation for the cyclohexanc ring, there arc, in all 
cases, four conformations for phenylcyclohexane (44), 1-rncthyl-1-phcnyl-
cyclohexanc (45), and 1-phenyl-1,3,3-trimcthylcyclohexane (46) which have 
to be considered. Figure 1.12 shows that the phen yl group can he axial or 
equatorial, and for each orientation, it can be aligned such that its plane is 
perpendicular or parallel to the C—R bond in the cyclohexane ring. The 
calculated conformational energies, which are listed in Table 1.6, show that in 
phenylcyclohexane (44) the parallel conformation is very much more stable 
Table 1.6 Calculated conformational energies of phenylcyclohexane and its 
methylated derivatives (Figure 1.12) 
Compound 	
Conforniaiional energies/kcal moV 
(a) 	(b) 	(c) 	(d) 
Phenylcyclohexane (44) 	 3.92 	0.00 	3.66 	5.22 
i-Methyl-1-phenyl-cyclohcXanC (45) 	 0.90 2.06 0.00 6.43 
I_Phenyl-1,3,3-trimethyl-cyClOhCXafle (46) 	3.26 	4.95 	0.00 	-* 
'This conformation does not correspond to an energy minimum. 
than the perpendicular conformation in the equatorial isomer. Large non-
bonded interactions between ortho hydrogens on the phenyl ring and 
equatorial hydrogens at C-2 and C-6 of the cyclohexanc ring destabilise the 
perpendicular conformation. On the other hand, in the axial isomer, the 
perpendicular conformation is more stable than the parallel one, since the 
	
l 2 	R' 	 R 	R' 
7LO 
Equatorial 	 Equatorial 
perpendicular parallel 
(a) 	 (b) 
gao 
R2 	 R 
Z_ 
::::~97R RI 
Axial 	 Axial 
perpendicular 	 parallel 
(c) 	 (d) 
It' = It 2 = H 
R' = CH,; R  = I-I 
R' = CH,; It 2 = CH, 
Figure 1.12 Minimum energy conformations of phcnyl-
cyclohexane (44), 1-methyl-i -phenylcyclohexane (45), and 
i-phenyl-1,3,3-trimethylcyclohexane (46) 
latter experiences large non-bonded interactions between ortho hydrogens 
on the phenyl ring and syn-axial hydrogens on the cyclohexane ring. The 
methyl substituent in 1 -methyl- 1-phenylcyclohexane (45) destabilises the 
parallel conformation in the equatorial isomer through interaction with an 
ortho hydrogen so that the perpendicular conformation becomes preferred. 
p 
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In the axial isomer, however, the perpendicular conformation is still pre-
ferred. The effect of the introduction of a methyl group on C-I has therefore 
caused a secondary effect (the change in orientation of the phenyl group), 
which accounts for the lack of additivity in conformational free energies. 
In 1-phcnyl-1,3,3-trimethylcyclohexanc (46), the calculations show that the 
isomer with an axial phenyl group in the perpendicular orientation is the 
most stable apparently because the other isomer with an equatorial phenyl 
group carries syn-axial methyl groups. In view of the results from these 
calculations it is not surprising that 3-phcnyl-3,5,5-tri met hyicyclohexanone 
exists' 52 in the conformation with an axial phenyl group. 
Despite the approxifnations which are involved in using the classical 
mechanical method, it would appear to be competitive for most molecules 
with spectroscopic and diffraction methods of structure determination. The 
approach is not restricted to small molecular weight molecules. Calculations 
on proteins' 53 and polysaccharides' 54, which sum the non-bonded inter-
actions after stepwise torsional changes about peptide and glycosidic bonds 
respectively, have been extremely successful despite the fact that bond lengths 
and angles are not allowed to vary. 
• 	The application of classical mechanical techniques to different classes of 
organic compounds is going to require a lot of parameterisation, but none 
the less it seems highly probable that this approach will become a powerful 
tool in the hands of organic chemists in the near future. 
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1.1 INTRODUCTION 
Over the years the study of those molecules, which have earned the distinction 
of being classified as carbohydrates, has not only attracted the attention of 
investigators interested primarily in their biological role, but has also con-
tributed handsomely towards the development of organic chemistry in 
general, and towards our present understanding of stereochemistry in 
particular. Within the rather imprecisely-defined domain of stereochemistry, 
it is intended in this article to discuss some of the more significant advances 
in the period from 1969 to 1971 relating to the shapes of monosaccharide 
molecules, both in the solid phase and in solution. During this time, the 
degree to which the molecular structures and conformations of carbo-
hydrates is apparently influenced by electronic effects, as well as by steric 
effects, has attracted a lot of attention and discussion. Accordingly, this 
review will pay particular attention to the role of the so-called anomeric 
effect in the conformational analysis of monosaccharides, summarising the 
1 
CARBOHYDRATES 
experimentally-known facts and discussing the presently-held views on the 
origin of the effect. 
Although it will be necessary from time to time to consider some contri-
butions which were published prior to 1969, there are numerous revicws 8 
to which the reader is referred for a more detailed and comprehensive back-
ground to the subject. In addition, many of the topics which will be mentioned 
here have been discussed previously by the author 9 in a monograph on 
carbohydrate stereochemistry. 
1.2 THEORETICAL BACKGROUND 
1.2.1 Introduction 
Although in principle the possibility of calculating energies associated with 
particular molecular structures and conformations by quantum mechanical 
approaches does exist", in practice the mathematical problems posed by 
molecules as large as aldoses and ketoses are considerable, and to date at 
least, investigators have tended to rely predominantly on calculations based 
on classical mechanical principles to obtain relative molecular strain 
energies. None the less, there are encouraging signs"` that ab initio mole-
cular quantum mechanical calculations on model compounds may be of 
considerable predictive value in the future. In the classical mechanical 
approach, the relative molecular strain energies are compared for different 
conformations after the total potential energy ET for particular conformations 
have been obtained10' 15-28 from expressions of the type, 
ET = Ed +EO +Et +Er +Ec 	 (1.1) 
where E4  is the sum of the bond-deformation strain, E0 is the sum of the bond 
angle bending strain, E1 is the sum of the torsional strain, E r  is the sum of the 
non-bonded interactions and E is the sum of any electronic terms. It should 
be noted that the first four terms in the expression are steric terms and that 
they, in addition to any electronic terms, are often found to be solvent de-
pendent. On the basis of this equation and with the judicious choice of 
appropriate potential functions, strain energy minimisation programmes 
have been written' -1-28 for the computer which will seek energy minima with 
respect to all variables by altering conformations by small increments. 
1.2.2 The valence force field approach 
The first calculations 30 in the carbohydrate field, based upon the general 
scheme outlined above, and utilising a valence force field' 528, have been 
carried out on aldohexopyra noses probably because these molecules offer 
the advantage of having rigid chair conformations for their six-membered 
pyranose rings. Although the first attempts were criticised 8 ' 31 quite rightly 
for ignored electronic factors and consequently yielding calculated values 
which were at variance with the experimental data'- 31 , more recent cal-
culations3° which make allowances for electronic interactions more closely 
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reproduce the experimentally-known facts and correlate reasonably well 
with the results of a semi-quantitative approach', 11.31  to the theoretical 
'problem. 
• The calculations were performed 30 on 'ideal' and 'distorted' 4 C 1 and 1 C4 
conformations (for an explanation of the use of these conformational 
descriptors in carbohydrate chemistry, see reference 9) of the 16 D-aldohcxo-
pyranose.s and the results are compared in Table 1.1 with those obtained 
from the semi-quantitative approach 28 ' 31 . The non-bonded interaction 
energy Er  between a pair of atoms (i,j) was calculated using a Kitaigorodsky 
function 32 of the type, 
Er(J) = 3.5[8600 exp(- 13Z)-O.04/Z 6] 	 ( 1.2) 
where Z = r.ft0 (rij  is the distance between a pair of interacting atoms and 
r0  is the sum of the van der Waals radii of the interacting atoms). The elec-
tronic interaction energy was calculated from the expression, 
Ee(1,j) 
= 332,QQ 	 (1.3)
rij 
where Q, and Qj  are the charges on the interacting atoms (ij) expressed as 
fractions of the charge associated with an electron and c' is the effective 
Table 1.1 A comparison of the calculated energies' (kcal mol -1 ) of the 4C, 
and 'C4  conformations ofho D-aldohexopyraflOSeS 
Aldose 
Ideal' 
4 	 1,-' 
1 	 4 
Distorted" 
	




I 	 4 
e-o-Allose 2.31 9.75 1.80 3.90 1.85 3.30 
fl-i,-Allose 0.47 11.32 0.47 3.85 0.90 4.00 
c-D-A1trose 1.63 6.44 1.28 2.18 1.60 1.80 
fl-D-Altrose 0.81 10.88 0.79 3.07 1.30 3.30 
e-r-Galactose 0.86 10.35 0.78 2.76 0.80 4.25 
fl-D-Galactose 0.48 21.44 0.47 4.26 0.45 5.70 
e-i-Glucose 0.53 11.77 0.44 3.77 0.35 4.50 
fl-D-Glucose 0.00 21.99 0.00 5.16 0.00 5.95 
u-D-Gulose 1.80 6.52 1.49 2.76 1.95 2.70 
fl-o-Gulose 0.38 10.59 0.35 3.37 1.00 3.40 
a-o-ldose 2.57 5.55 1.57 1.87 2.30 1.80 
fl-o-Idose 1.78 10.12 1.40 2.94 2.00 3.30 
-o-Mannose 0.90 10.12 0.81 2:67 0.45 3.50 
fl-o-Mannose 0.93 20.66 0.93 4.48 0.90 5.60 
a-D-Talose 1.83 10.88 1.57 3.35 1.50 3.85 
fl-D-Talose 2.38 22.32 2.18 5.60 1.95 5.95 
*Excess of energy relative to that of the 'C, conformation of fl.o.gtucopyranose 
dielectric constant. In the first instance,, other potential energy terms in 
equation (1.1) were assumed to be invariant, and a total strain energy E'T was 
obtained from 
Ef,. = 	Er(j,j)+Ec (1,J) 	 (1.4) 
where the 4 C 1 and 'C4  conformations were assumed to have the following 
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bond lengths and bond angles: C—C = 1.54 A, C-O = 1.42 A. C—H = 
A, 0—H = 1.0 A, LCCC = 109.47.degrecs,and LCOC = 114 degrees. 
In this manner, the calculated energies under the heading 'ideal' were 
obtained in Table 1.1 
Since it was considered likely that axial substituentS would become tilted 
outwards in order to free themselves of non-bonded interactions, the bond 
angle bending strains E0 obtained from 
	
109.5)2 	 (1.5) E0 = K 0(O—  
were minimised over five angles (the endocyclic ring angle was not altered) 
for all carbon atoms around the pyranose 1111g. The non-bondcd and 
electronic interaction energies were recalculated using the new geometry, 
and where necessary bond angle bending strain energies were included to 
give the final calculated values which appear under the heading 'distorted' 
in Table 1.1. 
Distortion of six-membered rings is chiefly a consequence of endocyclic 
angles being somewhat larger than tetrahedral and causing the ring to become 
flattened '.vith consequent tilting of axial substituents away from the principal 
axis of the ring by as much as 4 degrees. This is predicted theoretically and 
has been observed by 1 H n.m.r. spectroscopy in the case of cyclohexane 33 
and some pyranoid derivatives, and by x-ray crystallographic studies 35 on 
niyo- (1) and epi-inositol (2). The mean endocyclic CCC angles of 109.7 and 
Ho OH 	 HO OH 
57. 	
OH 
oy HO H ___ .4 
635 
4o t 
(I) 	 2) 
110.0 degrees for inyo- (1) and epi inositol (2) respectively, together with the 
available crystal structure data for pyranoid derivatives 
36. 37, which indicates 
values for endocyclic COC angles in the range 112-114 degrees, is evidence 
that the mean values employed in the theoretical calculations are reasonable. 
It is significant35  that the angular distortions introduced by the svn-axial 
interaction between hydroxyl groups in epi-inositol (2) appear to be distri-
buted equally between distortion of the ring and of the exocyclic CCO angles 
associated with the axial hydroxyl groups. 
The valence force field type of calculation, in common with the semi-
quantitative procedure developed by Angyal 2 ' 8 ' 31 , only predicts relative 
potential energy differences. It is important to appreciate that these can only 
with relative free energy differences, and hence with empirical be equated  
data, if contributions from entropy differences (e.g. such as those caused by 
differing constraints placed on the orientation of hydroxyl and hydroxy-
methyl groups in different conformations) are small. Despite these and other 
difficulties however, this type of calculation will almost certainly be applied 
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widely to a whole range of monosaccharide derivatives within the next 
few years. 
1.2.3 The semi -quantitative approach 
The semiquantitative approach employed by Angyal 831  to calculate relative 
free energies of cyclitols and pyranoid derivatives is based on two main 
assumptions: (a) the geometry of the pyranose ring is the same as that of 
cyclohexane, and (b) relative free energies of conformations may be obtained 
by summing all the non : bonded interaction energies (Er) and making 
allowances for electronic effects (Ee ). Although neither of these assumptions 
is strictly valid, the success of the approach indicates that the errors intro-
duced must he relatively small. Only non-bonded 1,3-diaxial interactions 
between syn-axial ligands (other than those between two hydrogen atoms) 
and non-bonded 1,2-interactions, whether they be axial—equatorial or 
equatorial—equatorial, between ligands gauche to each other on vicinal 
carbon atoms (apart from those involving hydrogen atoms) are taken into 
account. If X and Y represent the two ligands, then (X,,: Y.) denotes the former 
interaction and (X 1 : Y 2 ) the latter. Values shown in Table 1.2 for all the possible 
interactions of this type which can occur on cyclitol or pyranose rings have 
Table 1.2 The non-bonded interactions between substituentS on cyclitol and 
pyranose rings in aqueous solution 
Energy 
Interaction 	kcal mol' 
(C:0) 	 2.5 
(0' : 0.) 1.5 
(C.: 11.) 	 0.9 
(Os : 11) 0.45 
(C 1 :C2 ) 	 0.45 
(01:02) 0.35 
been obtained experimentally from investigations on the equilibria of 
various cyclitols with their borate complexes 831 , and from studies on the 
anomeric equilibria of pyranoses. 
In summing up the interactions on a pyranose ring, allowances have to 
be made for electronic interactions as well as steric interactions in order to 
achieve good agreement with the experimental results. Although it is beginning 
to appear that a number of different electronic interactions may be involved 
in pyranoid derivatives, the so-called anomeric effect seems to be by far the 
most important one. This effect is associated with the preference of electro-
negative substituents on the anomeric carbon atom to assume axial rather 
than equatorial orientations. Empirical arguments have led Angyal 3' to 
apply the following rules when assessing the magnitude of the anomeric 
effect for pyranoses in aqueous solution: (i) when the hydroxyl groups on 
C—i and C-2 are both equatorial, the conformation is destabilised by 
0.55 kcal molT 1;  (ii) when the hydroxyl group on C—i is equatorial, and 
p 
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that on C-2 is axial, the conformation is destabilised by 1.00 kcal mo1 1 ; 
and (iii) when the hydroxyl group on C-I is equatorial, and those on C-2 
and C-3 are both axial, the conformation is destabilised by 0.85 kcal mol'. 
The additional destabilisation associated with rule (ii) as compared with 
Table 1.3 The conformational free energies (kcal mol -1 ) of the 'C, and 'C4 
conformations 	calculated 	for 
aldopentopyranoses 	and 	the 
solution 
the 	o-aldohexopyranoses. 	the 	0- 
o-ketohexopyranoses 	in 	aqueous 
Preferred conformation 




s-o-Allose 3.9 5.35 'C, 
fl-o-Allose 2.95 6.05 4 C, 'C, 
-o-AItrose 3.65 3.85 'C,, 'C4 'C,, 'C, 
fl--Altrosc 3.35 5.35 
4 c, 
a-o-Galactose 2.85 6.3 4C, 'C, 
.nGa!actose 2.5 7.75 'C, 'C, 
-D-Glucose 2.4 6.55 4C, 'C, 
fi-D-Glucose 2.05 8.0 4 C, 'C, 
-D-Gulose 4.0 4.75 'C, 'C, 
fl.o-Gulose 3.05 5.45 'C, 
a-o-Idose 4.35 3.85 'C,, 'C4 'C, 'C4 
.o-Jdose 4.05 5.35 'C, 
a-D-Maflflose 2.5 5.55 'C, 'C, 
fl-o-Mannose 2.95 7.65 'C, 'C, 
a-D-Talose 3.55 5.9 'C, 'C, 
fl-D-Talose 4.00 8.0 'C, 
s-D-Arabinose 3.2 2.05 'C 'C4 
fl-o-Arabinose 2.9 2.4 4C,, 'C4 
e-D-Lyxose 2.05 2.6 'C,, 'C4 'C,, 'C4 
fl-D-Lyxose 2.5 3.55 'C, 'C, 
a-D-Ribose 3.45 3.55 'C,, 'C4 'C,, 'C4 
fl-o-Ribose 2.5 3.1 'C,, 'C4 'C,, 'C4 
a-o-Xylose 1.95 3.6 'C, 'C, 
fl.DXylose 1.6 3.9 'C, 
a-o-Fructose 3.65 3.85 'C,, 'C4 
fl-D-Fructose 4.95 2.85 'C4 
a-D-PSicosc 3.90 5.35 'C, 
fl.D.Psjcose 5.00 3.55 'C4 
a-o-Sorbose 2.30 6.55 'C, 'C, 
fl-D-Sorbose 3.85 4.35 'C,, 'C4 
.D-Tagatosc 2.50 6.00 'C, 'C, 
fi-D-Tagatose 4.30 4.00 4 C,, 'C4 'C4 
These conformational tree energies are relative to a hypothetical pyranoid ring devoid of all non-bonded and electronic 
interactions. 
tBy 'H a.m.r. spectroscopy'"' 
rule (i) used to be considered separately as another electronic interaction 
(the A 2 effect, as exhibited by the 4 C, conformation of fl-o-mannopyranose, 
for example), but it is now regarded as simpler to increase the value of the 
anomeric effect when the hydroxyl group at C-2 is axial. The conformational 
free energies may now be calculated for each chair conformation by summing 
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the steric interactions (Table 1.2) and the electronic interactions associated 
with the anomcric effect. The values listed in Table 1.3 were obtained in this 
manner for the 13-aldohexopyraflOseS 8 ' 31 , the .D-ald open topyranoses 8 ' 31 , and 
'the D-ketohexopyranoses 9. If the free energy difference between the 4 C 1 and 
1 C4  conformations is less than 700 cal mol', then both conformations are 
predicted. Comparison with observations from 'H n.m.r. spcc t rosco pye3h34t 
and, in some cases, from x-ray and neutron diffraction studies 5 ' 42 ' 43 shows 
that the calculations predict correctly the conformation of each pyranose. 
1.2.4 The auomeric effect 
Although Angyal' 3 ' employed empirically-determined interaction energies 
to account for the anomeric effect in his calculations, Rao, Vijayalakshmi, 
•  and Sundararajan 3° computed electronic interaction energies using the 
classical mechanical formula given in equation (1.3). The a charges (Q 1 
and Q) were calculated using the MO-LCAO method of Del-Re 44.45  and 
a value of 3.5 was employed for the effective dielectric constant (f). Although 
the choice of a value for ' is arbitrary, the relative order of magnitude of 
the o' charges is confirmed by their linear relationship with the 3 C chemical 
shifts of some n-aldohexopyranoses 46. The agreement between the predicted 
difference for the results of the 'distorted' 4 C 1 conformations in Table 1.1 
for the c- and fl-anomers of D-glucopyraflose and D-galactopyranose and 
Angyal's values indicates 30 that the anomeric effect may be an automatic 
outcome of the valence force field type of calculations. This may be somewhat 
fortuitous as the agreement is not nearly so good in the case of the 13-manno-
pyranoses. 
Other classical mechanical formula e' 6. 47.41 have been used to 
calcuIate 6 ' 451 dipole-dipole interaction energies, but these rarely 
yield2 ' 6 ' 9' 47 ' 52 results which agree with experiment and their use has been 
(4)YS;Z=O 
(5) Y z S 
severely criticised 53 recently. Amongst other difficulties the exact location 
of electrostatic charges or of dipoles is not always easy to pin-point and the 
values chosen for the effective dielectric constant must be arbitrary 6 ' 9 ' 47 ' 52. 
The observation that in most trans-dihalogeno-1,4-dioxanes (3), trans-
dihalogeno- 1,4-thioxanes (4) and trans-dihalogeno- 1 ,4-dithianes (5) (x-ray 
analyses) and in chloromethoxvmethane (6) (electron-diffraction measure-
ments),the carbon-halogen bonds (C—X, where X = Cl or Br)arc anomalously 
long while the carbon-oxygen bonds are anomalously short, has led  to a 
stercoelectronic explanation of the anomeric effect. As shown in Figure 1.1, 
a gauche conformation for chloromethoxymethane (6) has a p orbital on its 
oxygen atom suitably disposed for back-donation of its associated electron 
pair into the antibonding a orbital of the C--CI bond. An equivalent valence 
CARBOHYDRATES 
bond representatiOfl 55  is also shown in Figure 1.1 and a comparison is 
drawn with the more stable methyl Dglycopyranosidcs which have axial 
methoxyl groups. Although it is known 56.51 that chloromcthoxymcthane 
(6) exists predominantly in gauche conformations where this kind of de-
localisation would strengthen the C—O bond and weaken the C—Cl bond, 
0 






Cs 	 Cs 
—Cu3 
(a) 	 (b) 
Figure 1.1 (a) The stereolectronic expla-
nation of the anomeric effect in chloro-
methoxymethane (6) and in a-anomers of 
methyl.t)-glucopyraflOSides, and (b) the equi-
valent valence bond representations 
(From Stoddart', by courtesy of John Wiley 
& Sons Inc.) 
the situation with the pyranosides is less well understood because of the 
lack of accurately measured bond lengths and dubious correlations with 
the values available. 
Recently, the nature of the anomeric effect has been examined theoretic 
ally13 by an ab initio molecular orbital calculation within the Hartree–Fock 
H  
(7) 
framework using fluoromethanol (7) 58 as a model compound. The calcu-
lations which were based on the suggestion", that the barrier mechanisms 
may be analysed in terms of attractive-dominant and repulsive-dominant 
interactions, have reproduced (Figure 1.2) the expected energy profile for 
torsion around the C—O bond of fluoromethanol (7). If unshared electron 
pairs are assumed to be localised in sp 3  orbitals, then the stable conformation 
has the C—F bond anti-periplanar to one unshared electron pair and gauche 
to the other. However, it has been suggested" that, since the potential field 
experienced by the C—F bond is almost homogeneous over the torsional 
angles 120-240 degrees, the interaction of the polar bond with the unshared 
electron pairs must be virtually constant. A consequence of this feature of 
the calculations is the suggestion '3 that the non-bonded electron pairs 
should be visualised as being delocalised as shown in (7) and that the anomeric 
effect should be considered primarily as arising from interactions between 
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bonded electron pairs in polar bonds (i.e. attractive terms are more important 
than repulsive terms). Wolfe and his associates 13  carried out their calculations 
within the general context of a stercochemical rule which they formulated 
as follows: when unshared electron pairs or polar bonds are placed or 
generated on adjacent pyramidal atoms, syn- and anti-periplwiar orientations 
are disfavoured energetically with respect to that conformation which 
contains the maximum number of gauche interactions. Since fluoromethanol 
00 
00 
(a) 	(b) 	(c) 	(a) 	(e) 	(f) 	() 
C—O Torsion angle of FCH—OH 
Figure 1.2 The energy profile for torsion around the C—O bond of fluoromethanol 
(13y courtesy of The Chemical Society) 
contains two such gauche interactions in all three staggered conformations, 
the rule does not accommodate the anomeric effect without proposing a 
corollary which states 13  that a conformation with a polar bond gauche to 
another polar bond and a lone pair is stabilised wifh respect to those con-
formations which have a polar bond gauche to two lone pairs. There is 
another stereochemical rule which has all the predictive powers of the above 
Figure 1.3 The rabbit-ear effect" 
(Henceforth in this chapter, syn-axial lone-pair interactions will be represented by shaded lobes) 
corollary and is very easily applied in a variety of different situations. It is 
based on the proposal'9 9. 60 that syn-axial lone pairs repel each other and 
has been statedby Eliel47 6l as follows: those conformations in which 
unshared electron pairs on non-adjacent heteroatoms (X) are parallel or 
syn-axial (Figure 1.3) are disfavoured. A suggestion by Eliel 476' that the 
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general phenomenon described by this rule be called the rabbit ear effect 
has provoked a considerable amount of con trove rsy' 39t0  in the literature. 
Perhaps the most significant outcome of this debate will be a recognition that 
both Wolfe's rule and Eliel's rule may be used (cf. Ref. 60) to predict the 
outcome of the anomeric effect without implying any explanation of its 
origin. 
The rules are borne out by experimental results on a large number of 
acyclic and cyclic compounds. Thus, dimethoxymethane exists 6566 in the 





El 	 E2 	 £3 




Al 	 A2 	 A3 
(9)X =O 
(10) x S 
stable, and likewise polyoxymethylene takes up"' the predictably 
stable 4-1,1,62. 63 all gauche helical conformation. The 2-alkoxytetrahydropyrans 
(9)54.68.69 and 2-thioalkoxytetrahydropyrans (10)' 0 have proved to be 
useful model compounds for investigating the anomeric effect. Inspection 
reveals that the equatorial isomer has two rotational conformations (El 
and E2) each with one svn-axial lone pair interaction, and a third (E3) with
two such interactions. The axial isomer has two rotational conformations 
(A2 and A3) each with one svn-axial lone pair interaction, and a third (Al) 
with no such interactions. Thus, it is not surprising that the axial orientation 
is preferred in glycosides 5 ' 9 and thioglycosides 5 ' 9 as well as in 2-alkoxy- 54 ' 5968 ' 69 
and 2-thioalkoxy 54 ' 70-tetrahvdropyrans. Moreover, dipole-moment measure-
ments and 1 H n.m.r. spectroscopy in aprotic solvents indicate 69 ' 70 that 
conformation Al is the preferred axial conformation while conformations 
El or E2 are the preferred equatorial ones. The situation may differ in aprotic 
solvents. Thus, optical rotation studies on (S)-2-methoxytetrah ydropyran 
indicate59  that the A2 conformation is perhaps stabilised in aqueous 
solutions by a water bridge associated with the syn-axial lone pairs. It is 
• signilicant54 ' 51' that all -pyranosides (XR axial) which have been examined 
crystal lographically to date exist in Al conformations [e.g. methyl -13-
glucopyranoside71  and methyl 4,6-dichloro-4,6-dideoxy--n-g]ucopyrano-
side'2] whereas /3-pyranosides (XR equatorial) prefer to avoid E3 confor-
mations [e.g. methyl 1-thio-f1-n-xylopyranoside' 3 and methyl fl-D-xylo-
pyranoside']. Recently, it has been reported' 5 that methyl 1,5-dithio-
-D-nbopyranoside exists as two different kinds of 'C4 conformations in the 
crystalline state. Although one molecule has the El conformation (ha), the 
other has the E3 conformation (llb). It should be noted"', however, that 
the E2 conformation would incur a sy n-axial interaction between the hydroxyl 
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group on C-2 and the methyl group. In solution, glycosides exist predom-
inantly as Al conformations if they are axial isomers and as El and E2 
conformations if they are equatorial isomers, e.g. methyl D-gluCOpyranoSideS 
and their 2-dcoxy derivatives 68 . 
CH, 








(14) R = I) 





(20) R 	CII, 
(15)R=H 
(I?) R = CH, 
(19) R 	H 
(21) R = CU, 
The anomeric effect in 2-alkoxy-1,3-dioxanes 47 ' 62 ', and also in 1,3-
oxazane47 ' 60 ' 62 ' 7678 and 1,3-diazanes410616319 ring systems may be evalu-
ated by considering sin-axial lone pair interactions. Thus, in cis-4,6-dimethyl-
2-methoxy-1,3-dioxanc (Figure 1.4), the axial isomer with one svn-axial 




CH,0 	 CH, 





Figure 1.4 Syn-axial lone pair interactions in 
the equatorial and axial isomers of cis-4,6-
dimethyl-2-methoxy71,3-dioxane17 54. 62.3 
either two (El) or three (E2) such interactions. Moreover, measurements of 
nuclear OverhaUser effects indicate 80 that the equatorial isomer exists largely 
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in the El conformation. Also, on the basis of nuclear Overhauser effects, 
and using low-temperature h11 n.m.r. spectroscopy in order to slow down the 
rate of proton exchange on nitrogen sufficiently to obtain coupling constants 
for CH—NH systems, Booth and Lemieux 60 have shown (cf. Refs. 76, 77 
and 80) that there is a strong preference for not only axial N—I-I but also 
for axial N—Me over equatorial (cf. however Refs. 78 and 79) in 1-methyl-
1,3-diazane (12) (13) and in 1,3-oxazane (14) (15), together with its 
Q 	 0 
H,c 	 113C 
• 	H,Cf 	 11,c I 
CU, 
(22) 	 (23) 
(Y=O 




(26) 	 (27) 
R'O 
-' 	R2O1IiIlOR'  
OCH, 
(2Sa)R'R'=H 
R' = R I = Ac 
(280 RI = R 1 = pO,NCUCO 
R I = R I = CH 3 SO, 
P 	= Cft, 
(28f) R Ac: R' = CII, 
3-methyl (16) 	(7), 2-methyl (18) 	(19), 2,3-dimethyl (20) 	(21), and 
3,4,4,6-tetramethyl (22) (23) derivatives. The anomeric effect has also 
been studied in 2-substituted- 1,4-oxathianes° 1 . in polyfluoro- I ,4-dioxanes, 
oxathianes and dithianes 82, and in sulphur-containing heterocyclic mole-
cu1es with a sulphoxide group. 
Quantitatively, the anomeric effect in tetrahydropyran ring systems may 
be expressed 9' 451, 54 as the difference between the conformational free energy 
(—AG) 0  for the equilibrium (24) and the conformational free energy for 
the equilibrium (25) involving an analogously substituted cyclohexane 
(—G), i.e. the anomeric effect= (—G)—(—G) 0 . By this definition, 
the anomeric effect would only truly represent the total electronic effect if 
the geometry of the tetrahydropyran ring were the same as that of cyclo-
hexane. In fact, as a result of C—O bonds being about 10 shorter than 
c—C bonds, the conformational free energy of a group X on a tetrahydro-
pyran ring is larger than that of the same group on a cyclohexane ring. 
Consequently, the value obtained for the anomeric effect invariably under-
estimates the true magnitude of the electronic interaction. This discrepancy 
is even more pronounced in the case of 2-alkoxy-1,3-dioxanes. Further 
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complications involving gauche interactions arise with pyranoid ring systems, 
when the substituents at C—i and C-2 have a trans relationship (1,2-diaxial 
or 1,2-diequatorial) with respect to each other. Durette and Horton" have 
discussed this problem (cf. Ref. 79) at some length and have defined an 
axial effect as being equal to the sum of the anomeric effect and the gauche 
interaction experienced by the 1,2-diequatorial conformation. When the 
substituents at C—i and C-2 have a gauche relationship, the axial effect 
corresponds 84  to the anomeric effect. 
As a general rule, the anomeric effect appears to be large in non-polar 
solvents (e.g. carbon tetrachloride) and small in polar solvents (e.g. aceto-
nitrile). For example, the position of equilibrium attained during acid-
catalysed equilibration of cis-(26) and trans-(27) 2-niethoxy-6-methyltetra-
hydropyran in different solvents correlates 85  well with the dielectric constant 
of the solvent. None the less, the nature of the influence of solvent upon the 
anomeric effect is not clearly understood 5459 ' 6870 ' 85, as yet. Apart from 
complications introduced by aromatic solvents which may form" charge-
transfer complexes with the solute, there are solvents such as water, alcohols, 
and even chloroform59 86 which can donate their hydrogens to form hydrogen 
bonds with solutes, and solvents such as acetone, acetonitrile and dimethyl 
sulphoxide which can accept hydrogens from solutes to form hydrogen 
bonds. Solvents which interact with an anomeric substituent either by 
hydrogen bonding, or in some other manner, may influence the position of 
equilibrium by altering the magnitude of the electronic effect or by increasing 
the steric interaction of the substituent. However, the situation is not a 
simple one. Recent investigations 88  on the effect of solvent on the conform-
ational free energy of the ethoxy carbonyl group suggest that the internal 
pressure of the solvent can affect positions of equilibria. Internal pressure 
results from intermolecular attractive forces amongst solvent molecules giving 
rise to an increase in energy of the system when a cavity is created in the 
solvent. Obviously, the larger the molar volume of the solute molecule, the 
larger will be the increase in energy of the system. Since equatorial con-
formations invariably have larger molar volumes than axial conforma-
tions88 89, an increase in internal pressure should lead to some stabilisation 
of axial conformations. 
Assuming the nature of the solvent has a direct influence upon the electronic 
component of the anomeric effect, the explanations of solvent effects by the 
stereoelectronic 6' 54  and quantum mechanical interpretations': , of the 
anomeric effect are not immediately evident` 54 . To date, only classical 
mechanical approaches have provided an explanation8' 9. 9° for such effects. 
It is important that further developments in our theoretical understanding 
of the anomeric effect should take account of solvent effects. 
1.3 PYRANOID DERIVATIVES 
At equilibrium in aqueous solution, the :fl ratio of the pyranose forms of 
aldoses and ketoses vary considerably and these differences can be pre-
dicted8 ' 93 ' by conformational analysis. The relative free energy of each 
anomer may be calculated 8 ' 9 ' 3 ' from the data given in Table 1.3 by taking 
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the weighted averages of 	and G01c. and correcting for the entropy of 
mixing. This yields relative free energies for the c and /3 anomers (G and 
respectively, in Table 1.4) from which the proportions of -anomcrs can be 
deduced and compared with the ratios found by 'H n.m.r. spectroscopy 83191 . 
Except for idose and fructose, Table 1.4 shows that agreement is good. By 
performing essentially similar calculations, it, is possible to estimate8 9.31 
Table 1.4 The relative free energies (kcal mol -1 ) and the percentage propor-
tions of the -anomer at equilibrium for the D-aldohexopyranoses, 
the 0-aldopentopyranoses, and the D-ketohexopyranoses in aqueous 
.-...I..+;,.,..,o. 8.31.81 
Pyranose G.0 o o 
a-Ano,ncr, % 
Theory 	Experirnen tal* 
Glucose 2.4 2.05 1.8 36 	 36 
Mannose 2.5 2.95 2.25 68 67 
Galactose 2.85 2.5 2.25 36 	 27 
Talose 3.55 4.0 3.3 68 58 
AIlose 3.85 2.95 2.85 '18 	 20 
Altrose 3.35 3.35 2.95 50 40 
Gulose 3.85 3.05 2.85 21 	 22 
Idose 3.65 4.0 3.4 64 46 
Xylose 1.9 1.6 1.35 37 	 33 
Lyxose 1.85 2.4 1.65 72 71 
Arabinose 1.95 2.2 1.65 60 	 63 
Ribose '3.1 2.3 2.15 20.5 26 
Sorbose , 	 2.3 3.65 2.25 92 	 - 
Tagatose 2.5 3.7 2.5 89 - 
Fructose 3.35 2.85 2.65 28 	 5 
Psicose 3.55 3.15 2.9 33 - 
'By 'H " and ''C" n.m,r. spectroscopy. 
the relative free energies of the pyranoses (G o in Table 1.4). In this context it is 
interesting to note that generally speaking the more stable isomers, namely 
glucose, galactose, mannose and xylose, are those which occur frequently in 
nature as pyranoid derivatives. The occurrence of allose in Nature has 
recently been established 92  although its 6-deoxy derivative has been known" 
for sometime. 
The equilibrium compositions of aqueous solutions of aldoses recorded in 
Table 1.4 have proved uscful 469418 in assigning ' 3C chemical shifts to 
pyranoses and methyl pyranosides. The configurational and conformational 
influences on the ' 3 C chemical shifts of the sugars has been investigated 73 
in some detail. It appears that since increases in tic bonded interactions 
(e.g. the presence of axial hydroxyl groups in some homers compared to 
equatorial hydroxyl groups in other isomers) are accompanied by increased 
shielding of ' 3C nuclei, that the overall shielding states of the ' 3 C nuclei of 
different isomers reflect variations in the magnitude of repulsive interactions 
in the molecule. Similar relationships between destabilising interactions and 
' 3C chemical shift differences have been found in cyclohexane derivatives '°° 
and in some inositols and their 0-methyl derivative&°"° 2. Correlations of 
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' 3C shielding with G 2° and G °  in Table 1.4 have been demonstrated 
46. More-
over, it appears that the anomeric effect makes no obvious contribution to ' 3C 
shielding. This suggests that the anomeric effect does not arise from repulsive 
interactions which lead to destabilisation but rather from attractive inter-
actions which lead to stabilisation, it conclusion which is in accord with its 
quantum mechanical interpretation". Destabilising interactions also appear 
to cause polarisations of most C—H bonds in the molecule such that an 
increase in the shielding of any particular carbon is accompanied by 46 ' 95 a 
decrease in the shielding of the appended proton. Inversion of configuration 
at the anomeric carbon atom in ,-glucose causes" -91 an extensive readjust-
ment of electron density at aimosi every atoiii and would suggest95 a con-
siderable delocalisatiort of strain destabilisation throughout the whole 
molecule. 
The examination by Lemieux and Pavia 85 ' 103 of substitutional and 
solvation effects on the conformational equilibria of pyranoid rings has 
yielded some fascinating and important results. Evidence from 'H n.mnr. 
spectroscopy and from optical rotation data indicates' 03 that, although the 
di-O-acyl derivatives (28b, 28c and 28d) of methyl 3-deoxv - fl - L -crvthro-
pentopyranoside (28a) exist predominantly as their 4 C, conformations in 
solvents of such diverse properties as carbon tetrachloride, chloroform, 
acetonitrile and water, the corresponding 2,4-dimethyl ether (28e) adopts 
preferentially the 'C4  conformation with diequatorial methoxyl groups in all 
solvents studied. It has been suggested 85  that in the case of the di-O-acyl 
derivatives (28b, 28c and 28d) the coulombic repulsion between the syn-
axial oxygen atoms is insufficiently strong to overcome the anomeric effect. 
Although coulombic repulsion between non-bonding electrons is weak when 
the oxygens carry electron-withdrawing acyl groups, it is much stronger 
when the oxygens are the electron-rich oxygens of methoxyl groups. Thus, 
apart from the dimethyl ether (28e), the derivative (281) with 2-acetoxy and 
4-methoxy substituents also prefers the 'C4 conformation, at least in carbon 
tetrachloride, if not in water. 
The experimental data for methyl 3-deoxy-/1-L-erythro-pentopyranoside 
(28a) favours" the 4 C, conformation in solvents such as chloroform which 
do not form hydrogen bonds with the hydrogens of hydroxyl groups. The 
4C 1  conformation is stabilised by an intramolecular hydrogen bond in non-
basic solvents such as chloroform, but when this intramolecular hydrogen 
bridge is broken with strong proton-accepting solvents such as pyridine, 
dimethyl sulphoxide, and water, the 'C4  conformation is favoured. It has 
been proposed" that hydrogen bonding of hydroxyl groups by proton 
acceptor solvents (S) causes polarisation of the 0—H bond (R-0 - H - S) 
to such an extent that repulsion of the C-0 bond dipoles is sufficiently large 
to destabilise the 4 C, conformation with sn-axial hydroxyl groups and force 
the molecule from the 4 C, into the 'C4 conformation. An interesting 
phenomenon has been observed"concerning the position of the con-
formational equilibrium of methyl 3-deoxy-/3-L-eryt/mro-pentopyrafloSide 
(28a) in ethylene dichloride-dimethyl suiphoxide mixtures. The compound 
tends to favour the 4 C, conformation in ethylene dichloride as expected. 
However, on addition of dimethyl suiphoxide the proportion of the 4 C, 
conformation first of all increases to a maximum (at c. 7 moles per mole of 
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diol) as indicated by a sharp increase in the specific rotation of the solution 
and then, on further addition of dimethyl suiphoxide, the specific rotation 
decreases rapidly as the contribution from the 'C4 conformation becomes 
more significant. It has been sugges t edas that low concentrations of dimethyl 
suiphoxide cause increased polarisation of the 0—I-I bonds with electron 
movement towards the oxygens favouring strong intramolecular hydrogen 
bonds and consequently stabilisation of the 4 C, conformation. Subsequently, 
on the addition of more proton acceptor solvent, strong repulsion between 
syn-axial C—O bonds takes over and forces the equilibrium over in the 
direction of the 'C4  conformation. The implications of these observations 
are considerable since any hydroxyl group hydrogen bonded to a proton 
acceptor will in turn render the oxygen a better proton acceptor for hydrogen 
bond formation. This realisation has led Lemieux and Pavia 85 to propose the 
concept of hydrogen-bond conjugation, which may well play an important 
role in influencing the tertiary structure of naturally-occurring macro-
molecules. 
One of the most important new approaches to the study of conformational 
equilibria in pyranoid derivatives arises 85103 from the correlation of 
specific rotation with conformation. The different specific rotations which 
are recorded for methyl 3-deoxy-fl-L-erythro-pentop3 ,ranoside (28a) in a 
variety of solvents result almost exclusively from changes in conformational 
equilibria. The application of empirical rules to the calculation of molecular 
rotations have been discussed at some length by Lemieux and Martin 60 . In 
some cases, even solvation effects may be interpreted in terms of the empirical 
rules and the effects of hydrogen bonding. 
In a research programme designed to investigate the nature of the con-
formational equilibria in a number of aldopentopyranose derivatives, 
Durette and Horton 86 ' 10408 have further demonstrated (Table 1.5) the 
importance of substitutional and solvation effects. Results from coupling 
constant data in the 'H n.m.r. spectra of the eight tetra-acetates (29a)-(36a) 
and the eight tetrabenzoates (29b)-(36b) recorded in acetone-d 6 indicate 105 
that in most cases, there is a shift in equilibrium towards the conformation 
with an axial C-i substituent for the tetrabenzoates relative to the tetra-
acetates. Since the conformational free energies of acetoxy and benzoyloxy 
groups are about equal 109, this suggests that the anomeric effect of a benzoy-
loxy group is larger. However, the situation is not always as straightforward 
as this. The axial-directing influence of a polar substituent at C-i is not 
independent of the nature and configuration of the substituents on C-2, 
C-3, and C-4. Thus, in the acvlated derivatives (29a) and (29b) with the -D-
ribo configuration, the proportion of the conformation carrying an equatorial 
substituent on C-i (i.e. 'C4 ) is somewhat larger for the tetrabenzoate (29b). 
An attractive (or perhaps less repulsive) interaction between svn-axial 
benzoyloxy groups on C-2 and C-4 in the 'C4 conformation of -D-ribo-
pyranose tetraberizoate (29b) was suggested'° 5 as a possible reason for its 
exceptional properties. In view of the greater electron-withdrawing ability 
of benzoyloxy groups compared with acetoxy groups, this seems to be a 
reasonable proposal. 
The conformational equilibria of the 1.2-trans-peracetylated aldopento-





.-iRibo 	'C, 	 poRubo 	'C, 
X = OAc; R = Ac 	 (303) X = OAc; R = Ac 
X = 0Hz; R = Bz (30h) X = 0Hz; R = liz 
X = 013z; R = Ac 	 (30c) X =0Hz; R 	Ac 
X = OAc; R = Bz (30d) X = OAc: R 
= liz 
(29c)X= SAC: R=AC 	 (30c)X 	SAC; RAC 
(291) X 	OMe; Ii. 	Ac (301) X OMe: R 
= Ac 
(29g) X = OM': it = Bz og X 	
OMz: it = liz 
(29h)X=CI;R=Ac. 	 (30h)X=Cl;It.AC 
XCl;R=Bz (30) X=Cl;R=Ilz 
X = Br; it = Ac 	 (30j) X 	Br; it 	Ac 




'C, 	.-r-Arabino 	'C. 	 'C, 	
-D-Arabino 	'C. 
(31a) X = OAc; it = Ac 	 (32a) X = OAc; It 
= Ac 
(316) X = 0Hz; it = Bz (32b) X = 0Hz; R 
= Hz 
X = 0Hz; it = Ac 	 (32c) X 	OBz;R = Ac 
X = OAc; it = Hz (32d) X = OAc; It = Hz 
(3le) X = SAc;R = Ac 	 (32e) X = SAc;R 
= Ac 
(31 f) X = 0\Ie;it = Ac (321) X = OMe;R 	
Ac 
X = OMe; R B 	 (32g) X = 
OMe ; it Hz 
X = Cl R = Ac 
(32h) x 	Cl; it = Ac 
X = Cl;R = Bc 	
(320 x = Cl: R = Bz 
X = Br; R = Ac 
(32j) X = Br: it = Ac 
X = Br; R = Bz 	 (32k) X 
= Br -"R = Bz
R~ORO 	 4v RO 	OR 
- 	 RR 	
Ro x 
'C, 	-D-Xylo 	'C. 	
'C, 	$-D-XylO 	
'C. 
(34a) X = OAc:It = Ac 
(33a)X=OAC.RAC 	 (34b)X=OBz;itBz 
(33b)X=OBz:R=BZ (34c)X=0Bz:RA 
(33c) X 	0Hz: it = Ac 	 (34d) X 	OAc; it = Bc 
(33d)X=OAC;R=BZ (34)x= SAC; RAc 
(33c) X = SAC; R = Ac 	 x OMe R = Ac 
(331) X = OMe; it = Ac ( 34g ) 
 — 0\ 	B 	
 X0- e. - Bz 
'3 	
- 
(33h) X 	dR. 	Ac 
(34h) X 	Cl; it 	Ac 
(341) X = Cl; it 	Br 
- z 
(33)X—Bit—Ac 	
J X=Br.R c 




'C, 	-D-Lyxo 	'C. 	
'C, 	P1..o 	'C 
X OAc it = Ac 	
(3(a) X OAc; It = Ac 
X = 0Hz; It 	Bz 






(35e) X = SAC; It = ,\c 	
(3(e) X = SAC: It = Ac 
(361) X = O 
(351) X = 0\Ie;R = Ac 
Me:R Ac 
(36g) X = O 
(33g) X Oe; R = Bz 	
Mc:R = Hz 
M  
(35(1) X = Cl; It 	Ac 
(3611) X = Cl; it = Ac 
(351)X=ClR=Hz 	
(36i) X=Cl.R.Bz 
(35j) X 	Br: it = Ac 
(36j) X = Br; it = Ac 
(3S0X = Br;R = Br 	
(36k) X = Br, 
Table 1.5 The conformational equilibria of some aldopentopyranose derivatives: equilibrium constant. K= 4C1/'C4 
Compound a b c d e f g h i j k 
OAc OBz OBz OAc SAc OMe OMe Cl Cl Br Br 
R Ac Bz Ac Bz Ac Ac Bz Ac Bz Ac Bz 
Solvent (CD 3 ) 2 C0 (CD 3 ) 2 C0 (CD) 2CO (CD 3 ) 2C0 (CD 3 ) 2 C0 (CD 3 ) 2 C0 (CD 3 ) 2 C0 CDCI 3 CDCI 3 CDCI 3 CDCI 3 
Temperature/CC 31 31 31 31 31 31 31 31 31 31 31 
c-0-Riho  3.4 2.7 - - - 1.8 - - - - - 
[i- 0-Riho  0.74 0.30 0.77 0.29 2.0 0.63 0.25 0.08 - 0.05 0.02 
c-0-Arahino  0.26t 0.43t 0.36 0.39t 0.46 0.20t - - - -- - 
fl.D-Arahino  0.04 0.05 - - - 0.03 0.05 0.02 - 0.03 - 
a-u-X).10  50 50 - - - 50 50 50 50 50 - 
fl-u-Xylo  2.6 0.98 1.6 1.1 2.6 4.3 2.8 0.26 0.02 - 
Lyxo  2.5 0.29 2.6 2.7 1.8 5.0 6.4 9.6 - 24 - 
fl-o-Lyxo  0.63 0.39 - - - 1.4 - - - - - 
Rcicrcnce 105 105 106 106 107 84 84 86 86 86 86 
*See the original reference 	(or the spread associated with the values. 
tin C DCI 
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pentopyranosyl acetates (30d), (31d), (34d) and (35d) in acetonc-d 6 were 
investigated 106  in order to obtain additional information about the relative 
magnitudes of the anonieric effect associated with bcnzoyloxy and acetoxy 
groups. It was found that the relative strengths depend on whether or not the 
axial C–I substituent has a syn-axial group at C-3. If it does, as in the 
derivatives with the -u-arabino (31c and d) and fi-u-xylo (34c and d) con-
figurations, the axial-directing influence of the benzoyloxy group is stronger 
than that of the acetoxy group. However, if the axial C--I substituent does not 
have a syn-axial group at C-3, as in the derivatives with the /3-D-ribo (30c and 
d) and ri.-D-lyxo (35c apd d) configurations, then the axial-directing influences 
of the two groups are nearly the same. 
Investigations on the conformational equilibria of the peracetylated 1,2-  
trans- l-thio-aldopcntopyranoses (30c), (31e), (34c) and (35e) in acctonc-d 6 
have indicated 107 that the axial-directing influence of an acctyithio group is 
weaker than that of an acetoxy or benzoyioxy group in those configurations 
[namely f3-13-ribo (30e) and --!yxo (35c)] where the axial acctylthio group 
at C–I does not have a svn-axial group at C-3. This result could be anticipated 
because not only has an acetylthio group a larger conformational free energy 
than an acetoxy or benzoyloxy group 109, but it also probably exhibits a 
weaker anomeric effect by virtue of the fact that the bond moment of a C—S 
bond is smaller than that of a C—O bond. However, once again the situation 
is not a simple one. In those configurations [namely -D-arabino (31e) and 
fl-D-xylo (34e)] where the axial acetylthio group at C–i has a syn-axial sub-
stituent at C-3, its axial-directing influence is comparable in magnitude to 
that of acetoxy and benzoyloxy groups. It has been proposed'° 7 that the 
higher polarisahility of sulphur compared with oxygen could lead to weakened 
repulsive or even attractive interactions between the sen-axial groups. 
The positions of the conformational equilibria of the peracetylated (29f)--
(36f) and some perbenzoylated (30g), (329H35g) methyl u-ald open topyrano-
sides in acetone-d 6  have indicated that the axial-directing influence of a 
methoxyl group is greater than that of an acetoxy or benzoyloxv group, 
excepting when the axial methoxyl group at C–i has a syn-axial substituent 
at C-3. Such conformations are probably destabilised for the same reason 84 
as that which accounts for the derivative (28f) of methyl 3-deoxy-/3-1-erythro-
pentopyranoside with 2-acetoxy and 4-methoxy substituents adopting the 
'C4 conformation 85 . Alkylthio groups show 54 ' 7° a preference for the axial 
orientation in 2-alkyithiotetrahydropyrans and using 107  the best available 
values° for the conformational free energies of methoxyl and methvlthio 
groups, it appears that the anomeric effect of a methylthio group is marginally 
stronger than that of a methoxyl group in this situation. 
Although a decrease in the magnitude of the anomeric effect through the 
series 2-methoxy-, 2-ethoxy-, 2-isopropoxy-, and 2-t-butoxy-tetrahydropy-
rans has been ascribed" 1 to electronic factors, an alternative explanation 54,112 
in terms of a steric effect that increases in the series and counterbalances the 
anomeric effect is possible. This conclusion is supported 70 by the fact that 
the effect is not observed in 2-a!kvlthiotctrahydropyrans. 
In chloroform-d the positions of the conformational equilibria of some 
peracetylated (30h), (32h). (35h), (30j), (32j), (33j) and (35j) and perbenzoylated 
(33i), (34i) and (30k) D-aldopentopyranosyl halides were found to be asso- 
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ciated with large anomeric effects for the halogen substituents. In agreement 
with previous investigations 49 on substituted 2-halogenotctrahydropyrans, 
the anomeric effect of a bromo substituent is larger than that of a chloro 
substiluent. The anomeric effect favouring axial halogen is strong enough to 
	
AcO 	OAc 	 AcO 	OAc 
(37) (38) 
C(CIf,). 	 C(CH), 
-I6kcIm 
COCH, 
(39) 	 (40) 
AcO 
43-61% 	 39-37o/ 
(45) 
cause 2,3,4-tri-O-acetyl-/3-n-xylopyranosyl chloride (34h)'°7' 113  and fluoride 
(37)114, and 3-deoxy-3-fluoro-fl-D-xylopyranosyl fluoride (38) to exist 
predominantly as their all axial 'C4 conformations. In view of the weak 
repulsive interactions 59 between syn-axial acetoxy groups on C-2 and C-4, 
this observation is not as surprising as it might seem at first sight. 
Nearly all the results which have been discussed so far have employed the 
coupling constant method to estimate conformational preferences. Although 
this method has its disadvantages 107 ' 108 when used for precise quantitative 
measurements, and especially when electronegativity effects" 6 ' 8 are 
operative, it has to be used when more direct methods. are not available. 
Occasionally, the contributing conformations to the equilibrium can be 
observed by 'H n.m.r. spectroscopy at low temperatures. Table 1.5 shows 
that for fl-n-ribopyranose tetra-acetate (30a) and /3-D-lyxopyranose tetra-
acetate (36a) almost equal amounts of each chair conformation are present in 
acetone-d 6 at room temperature. When the temperature was lowered' 04,10 -1,119, 
120 to c. —80 °C, separate signals were observed for both conformations. 
The conformational preference of a methoxycarbonyl group on C-2 of a 
tetrahydropyran ring for the equatorial orientation has been found 50 to be 
1.6 kcal mol' from equilibration studies on trans- (39) and cis- (40) 2-
methoxycarbonyl-6-t-butyltetrahydropvran. This value is larger than the 
conformational free energy (1.27 kcal mol ')of a methoxycarbonyl group 121 . 
This observation has been attributed to electronic stabilisation of the 
equatorial inethoxycarbonyl substituent and compared with the strong 
driving force for a quaternised nitrogen atom of the positively charged 1- 
pyridyl substituent in N-Retra-O-actyl--D-glucopyranosyl)-4-methvl pyri-
dinium bromide to achieve' 12.123  the equatorial orientation. Although this 
compound was originally though t122  to take up the 'C4 conformation, recent 
x-ray crystallographic studies have shown 123  that it exists in a boat-like con-
formation in the crystalline state at least. This electronic effect has been 
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calledM 22 * I23  the reverse anonteric effect  and has also been obscrved on 
Nprotonation and N-rncthylation of some N-glycosyl imidazoles. 
Although the exact nature and origin of electronic effects in tetrahydropyraf 
and pyranoid rings is not fully understood at present, in the case of the 
anomeric effect the available evidence 13 ' 46 would seem to favour an attractive 
interaction stabilising the axial orientation at C-i rather than a repulsive 
interaction dcstabilising the equatorial orientation at C-i. There is increasing 
evidence' 14-1 11 for other kinds of attractive electronic interactions between 
polar substituents associated with six-membered rings. in 1,4-trans-sub-
stituted cyclohexane derivatives (Figure 1.5), for example, marked deviations 
from expected behaviour occur when the substituents are polar atoms or 
Figure 1.5 Polar interactions in 1,4-trans-
substituted cyclohexanes 
(From Wood, Woo and Miskowiu,  by courtesy 
of the National Research Council, Canada) 
xx 
- 	II X = Cl. r, = 3-9 A and r = 4-8 A 
groups (X = Cl. Br or CF 3 COO). An explanation of this phenomenon is that 
polarisation of the C—X bonds results in partial charges (Figure 1.5) with 
the concomitant attractive interaction between C-i and X-4, and between 
C-4 and X-1, being larger in the di-axial than in the di-equatorial con-
formation because r 1 is smaller than r2 . Other transannular substituent 
effects have been observed 125 in similar situations (see Figure 1.6). For 
example, when X = OH and Z = >CO, the conformation with the 
Figure 1.6 Transannular substituent 	z7'X 	
- 
effects"' 	 . 	 X 
Z = C=O. 0. S. SO nc. 
hydroxyl group axial predominates. In 3-acetoxytetrahydropyran (41), the 
conformational preference for an equatorial acetoxy group lies in the region 
-0.27 to +0.17 kcal mol 1  depending on the nature of the solvent, and in 
5-0-substituted 2-isopropy1- 1 ,3-dioxanes62' 63, 1 27, configurational equilibria 
in a variety of solvents tend to favour the cis-isomers with axial C-S sub-
stituents (see Figure 1.7). These situations recall 47 ' 62 ' 63 ' 121 the preferred 
OR 
RO' 0°'\CHCH,), 
R 	CH,: AG, = —0 -03 kcal mol '(methanol) 
R = H; 5G,, = +0-5) kcal mol -, (propan-2-ol) 
Figure 1.7 The configurational equilibration of 
5-0-substituted-2-isopropyl- 1,3-dioxanes 62 ' 
gauche orientations of the O—CH 2—CH 2-0 fragments in 1,2-dimethoxy-
ethane 128 and polyoxyethylene' 29 . 
So far in this section the discussion has been limited to the effects of sub-
stitution and solvation upon configurational and conformational equilibria. 
However, a new field of interest in the next few years seems likely to develop 
because of the ability of sugars to complex with metal ions°. Recently, 
Angyal and Davies 131  have demonstrated by 'H n.m.r. spectroscopy that 
pyranoid derivatives containing an axial-equatorial-axial sequence of 
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hydroxyl groups form complexes with metal ions (particularly Group [I) in 
aqueous solution. These complexes are strong enough to influence the posi-
tions of configurational and con format ion al equilibria. Thus, in a 0.85 sj 
calcium chloride solution, the proportion of c-D-allopyranose (42) is in-
creased at the expense of fl n allopyrano5C (43) and c. 75%, of the former 
exists as a complex. Since D-glucose, 1-maflfloSe, and o-arabinose lack the 
required axial—equatorial—axial sequence of hydroxyl groups in all possible 
configurational isomers, no substantial changes in their equilibrium com-












p_Dribopyranoside (44), which is in equilibrium between its two chair con-
formations in aqueous solution, addition of calcium chloride causes a con-
formational change in the direction of the 1 C4  conformation. 
1.4 ACYCLIC DERIVATIVES 
A considerable amount of interest has been shown in the conformations of the 
carbon chains of acyclic carbohydrate derivatives in recent years. Molecules 
have been examined in their crystalline stat& 324°  by x-ray crystallography 
H 	 H 	 H 
HO*H 	
HO HO+ U 
H 
to
/H /H 	 /OH 





i-Arabinitol 	 RibtoI 	 Xylitol 
D-LyxitoI 
Figure 1.8 The planar zigzag conformations of the 
three pentitols. Syn-axial interactions are indicated by 
double headed arrows 
(From Stoddart 9, by courtesy of John Wiley & Sons 
Inc.) 
as well as in solution by 'H n.m.r. spectroscopY 14t ' 50 . Despite the fact that 
intermolecular forces within crystals could influence the conformational 
properties of these derivatives, agreement between the two experimental 
approaches has turned out to be extremely good. 
The problem is perhaps best approached 9  by considering the so-called 
planar zigzag conformations of the three pentitols shown in Figure I.S. 
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Interactions which arc formally anal ogous5'9' 124I to a syn-axial interaction 
between 1,3-diaxial hydroxyl groups on a cyclohexanc ring (and will be 
referred to as such) are found to be present in rihitol and xylitol, but not in 
D-arabinitOl. The syn-axial interactions in ribitol and xylitol may be relieved 
by torsion through 120 degrees about either their C-2-C--3 or C-3-C-4 
bonds to yield a bent conformation for the carbon chain. The conformations 
predicted for the pentitols have been observed 133-135  in the crystalline state 
for the alditols themselves (Table 1.6). In addition, the large number of 
Table 1.6 The carbon chain conformation of alditols in the crystalline state"' 
Alditol 	 Predicted 	Observed 	 Reference 
Ribitol Bent Bent 133 
Xylitol Bent Bent 134 
D-Arabinitol Zigzag Zigzag in DI-racemate 135 
Galacitol Zigzag Zigzag 136 
o-Mannitol Zigzag Zigzag in three polymorphic forms 137, 138 
D-Glucitol Bent Bent 139 
o-Altritol Bent 
Allitol Bent Bent 139 
D-Iditol Bent Bent 139 
H 11 H 
If Ho HO *H HO+.H 
OH OH OH 
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H /H 	 HO4H 
/ i-OH / I-OH H 	
H 





\ H1,,7 OH 	
I/I 
HO I HO-j 	 H1 / 
H/OH HI ' I HO I 
H-K 	
H-/OH 	 if Oil 
H H 	 H 
D-AItritoI AIIito 	 D-Id itol 0-Talitol 
Figure 1 .9 The planar zigzag conformations of the six hexitols. Syn-
axial interactions are indicated by double headed arrows 
(From Stoddart', by courtesy of John \Vilcy & Sons Inc.) 
acyclic derivatives with the ribo, xvlo, arabino, and lvxo configurations 
which have been examined by 'H n.m.r. spectroscopy in solution have been 
found"150 to have bent (ribo and xylo) or zigzag (arabino and lyxo) con-
formations as, predicted. 
Figure 1.9 shows the planar zigzag conformations of the hexitols, galacitol 
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and D-mannitol have no syn-axial interactions, D-glucitOl and n-altritol have 
one each, and allitol and u-iditol have two each. Thus, galactitol and u-
mannitol should exist as zigzag conformations, while all the others should be 
bent. This prediction is borne out by the available experimental evidence' 36--140 
Table 1.7 The conformations of aldopentofurafloSe derivatives 
Configuration Tetrabenzoates 
Teirabenzoat& 5 ' 
Methyl 
aldopentofuraflOstdes 






2 T3 , 3T2 3T2 fi-ri-Lyxo 
a-o-Ribo 2 T1 , ( 2 E) 2 E, 
2 T3 , E 3 2 E 
fl-ri .R.bo 
E2 , 	3E 3E  T3 
a-o-X3, 10 
fl-ri-Xylo 
°T1 ,( 2 T3 ) 
3 T2 , ( 3 E) E 2 , 3 T2 , 3 E 2 T3 , (E 3 ) 
-Conformations  in parentheses are considered to be less favourable contributors 
(Table 1.6) for the solid state. Acyclic derivatives with the galacto and nianno 
configurations have also been shown 142 144 by H n.ni.r. spectroscopy to have 
zigzag conformations in solution. One exception to the above predictions 
has been noted; potassium o-gluconate exists 151  as its planar zigzag con-
formation in the crystalline state. Apparently this unfavourable conform-
ation is stabilised' 52 by an intramolecular hydrogen bond. 
Solutions of aldoses and ketoses contain small amounts of acyclic aide-
hydo forms in constitutional equilibria with their cyclic forms. It might be 
expected 9  that solutions sugars which can adopt the relatively strain-free 
planar zigzag conformation (eg. arabinose, mannose, galactose and fructose) 
will contain detectable amounts ofacyclic forms, particularly if their pvranose 
and furanose forms experience destabilising interactions into the bargain. 
Recently, it has been shown' 53,151  by various physical methods including 
absorption spectroscopy and circular dichroism that ri-fructose exists to 
the extent of c. 2% in the keto form at mutarotational equilibrium in aqueous 
solution. The keto forms of L-sorbose and D-tagatose were also just detect-
able' 53 under the same conditions. 
Although the aldehydo content of an aqueous solution of glucose has been 
found155  to be 0.0026% by polarographic determination, that of 2,3,4,5-
tetra_0methyl-u-211.1cose, which can only form septanoses amongst the 
cyclic forms, is as high as 40% in chloroform solution' S6. 
1.5 FURANOID DERIVATIVES 
The conformational properties of furanoid derivatives are not nearly as well 
understood as those of pyranoid derivatives. In common with other mono-
cyclic five-membered ring compounds (cf. Ref. 157). furanoid derivatives 
are flexible and consequently conformations are rather ill defined. However, 
it is usual9 158.159 to identify those furanoid conformations which exhibit 
symmetry relationships with the C5 and C, conformations of cyclopentane 
	
MOLECULAR STRUCTURE AND CONFORMATION 	
25 
as envelope (E) and twist (T) conformational types respectively. For furanoid 
derivatives, each of these conformational types give rise to ten maximally-
puckered conformations and the corresponding pseudo-rotational itinerary 
is shown in Figure 1.10. It has been suggested 151 that the conformational 
behaviour of furanoid derivatives in solution is perhaps best described in 
terms of a segment of this pseudo-rotational itinerary rather than in terms 
°E 	










\\ 	 I' 
- 	 / 
TO _. 
To 
Figure 1.10 The envelope—twist pseudo-rotational 
itinerary of the furanoid ring 
(From Stoddart', by courtesy of John Wiley & Sons Inc.) 
of any unique conformation. Assuming that only envelope and twist con-
formations need be considered, and that barriers to interconversion in 
certain segments are small, this would seem to be a reasonable proposal. 
It means, of course, that coupling constants in n.m.r. spectroscopy will 
reflect the time-averaged conformational situation and this may, in some 
cases, bear little resemblance to the actual conformations populated. 
Detailed analyses of the 'H and ' 9 F n.m.r. spectra of some D-aldopento-
furanose tetrabenzoates' 58  and some D-aldopentofuranosyl fluorides' 59 have 
resulted in conflicting interpretations (Table 1.7) of the experimental data. 
Much of the discussion surrounds the importance of conformations with 
either C-2 or C-3 or both displaced from the reference plane. Although a 
number of n.m.r. investi2ations' 59" 611 , and much of the x-ray crystallo-
graphic evidence- 165, supports puckering in the C-2/C-3 region, a recent 
communication shows' 16  that methyl 1 ,2,3,5-tetra-O-acetyl-fl-o-galacto-
furanuronate adopts a geometry in the crystalline state, and also in solution, 
which very closely resembles the 'E conformation (45). Inspection of this 
conformation reveals that the acetoxy group at C—i has assumed a quasi-
axial orientation in which the anomeric effect is most favourable. The impor-
tance of the anomeric effect in furanoid derivatives has been stressed pre-
viously°" 58" 67 and also accounts for the fact that the trans-isomer (46) of 
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2,5.dimethoxytetrallYdrOfuran is more stable than the cis-isomcr' 68 in 
non-polar solvents in contrast with the situation in 2,4-dialkyl-1,3-dioXOlanCS 
where, for the most part, cis-isomers are more stable than trans-isomers 169 . 
It has been pred1cted 8  that furanoses in which the hydroxyl groups on 
C—land C-2arc trans will predominate over the cis- l,2-anomerat equilibrium. 














equilibrium characteristics of D-idose and of 50methyl-o-glucofural1OSe), 
destabilising syn-1,3-interactionS between the anomeric hydroxyl group and 
0-3 and C-5 in the trans-1,2-anomer are thought" to be responsible. 
Furanoses containing a cis—cis sequence of hydroxyl groups have been 
	
H CH0CHI 	 CI10CH 
HO \ O 	 HO O 
HO 	OH 	 HO 	H 
33% in water 	67% 
70% in I-Si MCaCI solution 30% 
Figure 1.11 The configurational equili-
brium of 5-0-methyl-D-ribose 
(From Angyal and Davies 131 , by courtesy of 
The Chemical Society) 
found 131  to complex with metal ions. The configurational equilibrium of 
5-0-methyl-D-ribose (Figure 1.11) in water, for example, is drastically 
altered 131 on addition of calcium chloride. 
1.6 SEPTANOID DERIVATIVES 
Under normal conditions aldohexoses do not exist to any appreciable extent 
as septanoses. However, if both furanose and pyranose formation are 
prohibited by substituting the hydroxyl groups at C-4 and C-5, as in 
2,3,4,5-tetra-0-methyl-D-glucoSe for example 157, then septanoses may be 
formed. Even reaction conditions which disfavour the production of deriva-
tives containing pyranoid rings, may lead to the formation of small amounts 
of derivatives containing septanoid rings. Thus, acid-catalysed condensation 
Of D-glucose with acetone yields 170  small amounts of 1,2:3,4-di-0-isopro-
pyIidene--D-glucoseptanOSe and 2,3: 4,5di-O-isopropyIidene-D-gIUcoSeP-
tanose as well as the previously characterised 1,2:5,6- and 1,2:3,5-diacetals. 
Provided consideration of septanose conformations is limited to those 
having symmetry relationships with the twist chair and chair conformations 
of cycloheptane9 ', 14 conformations of each type can be identified. The 
corresponding pseudo-rotational itinerary has been described 9. Qualitative 
examination of the chair—twist chair pseudo-rotational itineraries of both 
the - and f3-anomers of2,3,4,5tetra-O-methyl-D-glucOSePtaflOSe suggests' 157 
that the /3-septanose should be more stable than the -septanose. Indeed, 'H 
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fl.m.r. spectroscopy of this tetramethyl ether in chloroform-d has shown"" 
that the solution contains 40 of te acyclic form, 6O of the 3-septanose,  
and undetectable amounts of the -septanose at equilibrium. 
An x-ray crystallographic study of 1,2: 3,4-di-O-isopropylidcfle-5-0 
has shown 171 that the septanose ring 
adopts a conformation which lies between a chair and a twist—chair con-
formation. More recently, crystal structure analyses have shown 171 that 
	
H If 	





AcO OAc H OAc
OAc H 3C 	
cu, 
( (47) 	 48) 
ethyl 2,3 : 4,5diOisoprOpy1idene1thi0fl0g coseptanoside has a seven- 
membered ring with a twist—chair conformation (47) whereas in methyl 
the seven-membered ring has 
a conformation (48) between a chair and a twist chair. It is noteworthy that 
this conformation accommodates a favourable anomeric effect. 
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rStereochemstry at Sheffled 
Each December, the CS stages a one-
day symposium at Sheffield on modern 
aspects of stereochemistry, and 1972 
was no exception. The morning ses-
sion was devoted to discussing the 
mechanism and stereochemistry of 
y!ide rearrangements. V. Rautenstrauch 
(Firmenich et Cie, Geneva) presented 
evidence that the Wittig rearrangement 
of some substituted vinyl benzyl ethers 
proceeds without loss of stereochemis-
try. He concluded that the reaction 
follows a hetero!ytic pathway involving 
the generation of a ketone-vinyl anion 
pair, since vinyl anions are configur-
ationally stable at 350•  By considering the 
side reactions which occur during the 
[2,33-sigmatroptc rearrangements of 
some substituted allyl benzyl ethers, 
he suggested there was a dissociative-
recombination mechanism competing 
with the concerted route. Although it 
was not possible to decide whether the 
nonconcerted side reactions are homo-
lytic or heterolytic in character, Rauten-
strauch favoured the heterolytic process 
because of the similarity between the 
ionic and concerted pathways. He drew 
an interesting correlation between the 
ionic addition reactions of bcnzalde-
hyde and allyl lithium compounds, and 
the {2,3]-sigmatropic rearrangements of 
allyl henzyl ethers. The possibility of 
participation by the metal ion in these 
reactions was stressed and a warning 
was given against the unqualified 
application of the Woodviai d-Hoflrnann 
treatment to reactions occurring in 
highly polar media. 
I. 0. Sutherland (Sheffield) began by 
considerinj the retardations in rates 
observed in some [2,3]-sigmatropic 
rearrangements of allylic ammonium 
vtldes when torsional strain is intro- 
ducflInto their bishomoaromatic 
1ransi9n states (Chem. Communs, 
l9?l//t94). After a general discussion 
f4J74]-sigmatropic rearrangements in 
VTtiTiniun betaines, he went on to 
q'ribe some extremely elegant experi-
nrts designed to investigate the 
rnchanisms of the rearrangements 
(Theme 1) of the N-allyl betaine (1) to 
lb ether (5) and the phenol (4). The 
(her (5) is the minor product and 
.suits from a [1,4]-sigmatropic re-
.Trangement. The phenol (4) is the 
najor product, and by using deuterium- 
abelled 	aUylic 	substituents 	and 
)watching 	C!DNP effects 	in nmr 
spectra, the rearrangement was found 
to proceed along two distinct pathways: 
4, a sequence of concerted reactions 
involving consecutive [2,3]- and [3,3]-
sigmatropic rearrangements and sub-
sequent aromatization; and B, a non- 
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concerted reaction involving a radical-
pair intermediate (6). At ca 120 0 C, 
64 per cent of the reaction proceeds by 
the concerted route (A) and 36 per cent 
by route B. The danger of relying only 
on CIDNR studies to express opinions 
regarding reaction mechanism was 
clearly indicated. Sutherland concluded 
by drawing attention to some problems 
associated with the configuration 
aspects of higher order reactions 
including some novel [4,5]-sigrnatropic 
rearrangements. 
The afternoon was devoted to lectures 
by three overseas speakers. A. Hassner 
(Colorado) examined the regio-
specific and stereospecific aspects of 
halogen azide additions to C/S and trans 
alkenes, terminal disubstituted alkenes, 
and a variety of cyclic derivatives con-
taining either endocyclic (in six-mem-
bered rings) or exocyclic (in three and 
four-membered rings) double bonds. In 
most cases where an ionic mechanism 
prevails, the regiospecificity depends on 
both the electronic and steric effects of 
the substituent groups. The stereo-
specificity is usually that associated 
with ant/-addition and a cyclic halonium  
ion. However, when bromine azide is 
added to styrene in acetonitrilc, it 
appears, - from deuterium taheilinçj 
experiments, that the brornonium ion 
can open to give a benzyl cation of 
sufficiently high stability for it to 
undergo torsion before attack by the 
azide ion. For the series IN3, BrN 
CIN3, the propensity for free radical 
reactions increases from left to right, 
and the proportion of ionic to radical 
products shows the expected soient 
dependence when these halogen 
azides are added to styrene. 
I. Ugi (Munich) began his lecture on 
the reorganization of non-rigid icicle-
cules with the comment that it was 
becoming increasingly difficult to do 
something different in the mainstream 
of organic chemistry and so it was 
probably easier to find new things on 
the periphery. He went on to gie an 
enthusiastic exposition on how perriu-
tations can be employed in the descrip-
tion of configurational isomerism—
tetrahedral and octahedral cases were 
considered—and poiyhedral rearrange-
ments exhibited by molecules witi a 
trig o nat b pyramidal disposition of 
---.---.- fl--- .----- - 
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ligands around the central atom. In 
particular, he discussed permutational 
isomerization of ligands of pentacoor-
dinated phosphorus in terms of 
Berry pseudorotatiori and turnstile 
mechanisms. 
In the final lecture, E. Havinga 
(Leiden) discussed the results of some 
photochemical experiments in the 
vitamin 0 field by reference to the model 
systems, 2,5-dimethyl-(Z)-hexa-1,3,5-
triene (7) and 2-methyl-(Z)-hexa-1,3,5-  
triene and their irradiation products. 
He proposed (Scheme 2) that confor-
mational interconversion does not occur 
in the excited singlet states of the 
different conformations although he 
did not exclude the possibility of some 
'leakage' between 'hot' singlet-state 
conformations. Different conforma-
tions have different absorption spectra 
and so should lead to difTerent products 
—this has been observed in solution 
for vitamin D as well as for the model 
compounds. A point of interest for the 
future was the observation that irradia-
tion of vitamin D in the crystalline state 
gives fewer products than when photo-
reaction is performed in solution. 
Havinga concluded that the stereo-
chemistry of molecules in excited states 
is beginning to provide a new and 
exciting field of interest and reminded 
the audience that the study of natural 
products could still be a very informa-
tive pursuit. J. F. Stoddart 
Percy Lucock Robinson 1891 - 1973  
Professor P. L. Robinson, P.L. as he was 
known affectionately by research stu-
dents over four decades, died suddenly 
and peacefully on 4 March 1973, aged 81. 
A graduate of Durham University, he 
retired in 157 from a personal chair of 
inorganic chemistry in the University 
after 38 years on the staff of Armstrong 
(later King's) College, Newcastle upon 
Tyne. His interest in and service to 
his College and University and to the 
profession of chemistry was not re-
stricted to teaching and research. He 
was chief examiner (1928) and chairman 
(1950) of the Durham University Schools 
Examination Board. He played an im-
portant part in the founding of the 
Armstrong College Old Students Asso-
ciation and of the Bedson Club. He 
served on the Council of the Royal 
Institute of Chemistry, was chairman of 
its local section and that of the Society 
of Chemical Industry, as well as being 
a member of the publications committee 
of The Chemical Society. 
In 1919, the Chemistry Department at 
Armstrong College consisted of 335 
undergraduates, six research students 
and seven staff, so P.L.'s earlier years 
were inevitably givers largely to teaching 
and little research was possible. He 
was a skilful and economic teacher and 
a master of student psychology. He 
held the view that the human mind was 
made to think and not to be lumbered 
with non-essentials, and that books 
were made to be used. He maintained 
that a postcard would hold all that a man 
might be expected to retain permanently 
about any one topic, refused to read 
essays longer than three quarto pages, 
and only lectured on what was difficult 
and important and not in the textbooks. 
Despite the pressure of teaching, 
P.L. began a distinguished research 
career about 1921, though he had 
already published two analytical notes 
in 1919 resulting from his work with the 
Admiralty. His research interests were 
always catholic, and the vacuum tech-
niques developed in the 1920s and 1930s 
to cope with the preparation and 
handling of a variety of volatile, unstable  
compounds are still in widespread use 
today. He made noteworthy contribu-
tions to the chemistry of rhenium, then 
a newly discovered element. After the 
Second World War, though now in his 
fifties, P.L.'s enthusiasm was unabated 
and his ideas were pursued by a new 
generation of research students. This 
new group gained a particular reputa-
tion in the field of fluorine chemistry 
and published a large number of impor-
tant papers, the flow only finishing 
several years after P.L. retired. After 
his official retirement, he thoroughly 
enjoyed another five active years at 
Harwell, devoting his mind successfully 
to new and stimulating problems in 
applied inorganic chemistry, particularly 
in the production of beryllia. A militant 
inorganic chemist, he played a major 
role in keeping the subject alive when 
little interest in it was being shown in 
this country; it is now difficult to realize 
that the number of active research 
workers in the 1930s and 1940s could 
almost be counted on the fingers of one 
hand. 
P.L. liked to think of his research 
group as part of his family, and in the 
earlier period, when there were no 
facilities for keeping unstable com-
pounds, marathon nights of measure-
ment would be followed by dawn sup-
pers at his home. His enthusiasm for 
active experiment remained with him 
even in his later career when he was 
seldom free from administration, and 
his eyes would light up whenever lie 
entered a laboratory. In discussion 
he was notably clear headed, and always 
had views and good ideas to offer even 
in fields of scientific activity widely 
divergent from his own. He had a skill 
amounting to genius in stimulating 
others, and built about himself the friend-
ly loyaity which is the essence of a 
good research team. He took particular 
pleasure in following the, careers of 
his former students, both in industry 
and in the academic world, and kept 
in personal touch with many of them 
until his death. P.L. once said that 
it had been his ambition to work with  
all the elements in the Periodic Table 
and it was a proud moment when one 
of his former students, Neil Bartlett, 
discovered the existence of compounds 
of the noble gases. It is perhaps a 
little sad to record that he died before 
knowing of Bartlett's election to Fellow-
ship of the Royal Society. 
His love of the English language 
made P.L. a fastidious writer, and mary 
will remember his high standards and 
his heavily red-inked revisions of theft 
drafts. His reasons—given in the 
Fowler tradition—were profitable rather 
than discouraging. His papers and 
books remain models of economy, 
clarity and often elegance. His great 
interest in life outside his work and his 
family was reading, and he remained a 
firm supporter of the Newcastle Literary 
and Philosophical Society all his life, 
becoming its president in 1967-68. His 
talk of books and appreciation of all 
things civilized, from fine food to fine 
art and good stories, stimulated and 
influenced the growing minds around 
him. 
From 1959 until the time of his death 
he edited the English version of the 
Russian Journal of Inorganic Chemistry 
for The Chemical Society, a role for 
which his ubiquitous knowledge of the 
subject and command of words were 
particularly appropriate. He was also 
still active as an editor for Elsevier and 
the latest volume in the series Topics 
in inorganic and general chemistry was 
published in November 1972. He edited 
F. R. Hartley's Chemistry of platinum 
and palladium published only a few 
weeks before his death. 
When he retired from the University, 
P.L. remarked, 'The most I can say is 
that I have perhaps helped some young 
people to realize themselves'. A 
worthy objective, fully achieved and a 
fitting epitaph. 
P. L. Robinson was predeceased by 
his wife, who died in 1970. He leaves 
one daughter. - 
R. D. Peacock 
W. E. Scott 
363 
Conformational Behaviour of Di-o-thymotide and Dio' carvocrotide 
By W. DAVID OLLIs* and J. FRASER STODDART 
(Department of Chemistry. The University, Sheffield S3 7HF) 
Reprinted from 
in 	(S 
The Chemical Society, Burlington House, LondonWlV OBN 
571 	 J.C.S. CHEM. COMM., 1973 
Conformational Behaviour of Di-o-thyrnotide and Di-o-carvocrotide 
By W. DAVID OLLIs*  and J. FRASER STODDART 
(Department of Chemistry, The University, Sheffield S3 7HF) 
Summary The temperature-dependent 1H n.m.r. spectra 
of suitably substituted disalicylides [(3) and (4)j, related 
lactones [(8) and (9)], and bislactams [(10) and (11)], 
demonstrate their ring inversion (B 1 B*) between 
enantiomeric boat conformations. 
EARLIER studies13 have disposed of the alleged existence of 
isomeric c.- and -disalicylides as conformational diastereo-
mers of the Chairf and Boatf types: 4 the -disali'cylides 
are dimers whereas the 9-compounds are, in fact, trimers. 
The disaljcylides were shown by dipole moment measure-
ments1 to exist in the Boatt conformation 4 with two cis-






R1 :R2 H 
R1 = Me, R2 :Prt 
R' = Pr', R 2 :Me 
and helical conformations, each with three trans-ester 
linkages. The impression has been given' -4 , 6 that the 
resonance demand of two planar ester groups in the cis-
disalicylidcs is such that ring inversion would be a relatively 
slow process compared with the conformational changes 
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which occur6 in the trisalicylides. Further investigation of 
this impression was encouraged by the results on 5,6,11,12-
tetrahyd rod ibenzo [a,e]cvclo-octene (1). X-Ray crystallo-
graphy has indicated 7 that this hydrocarbon (1) adopts the 
centrosymrnctric (C25 ) Chairt conformation in the solid 
state whereas iJJ  n.m.r. studies have show11 4 that Chairt 
and Boatt  coilformations are approximately equally 
populated in solution. Examination of the temperature-
dependent 'H n.m.r. spectra of the suitably substituted 
disalicylicics (3) and (4) shows that inversion is detectable. 
The temperature dependence of the methyl signals for the 
isopropyl groups (Table) of di-o-thymotide 1 (3) and di-o-
carvocrotide 3 (4) is ascribed to ring inversions between 
chiral B conformations 4 (5) and their enantiomers (B). 
During the conformational itinerary (Figure), involving 
- - FBI .—TB--- FB2 
	
r*__i'. 	çai 6 4 	4 . 
FIGURE 
only torsional changes, the folded boat conformations, FBI 
(6) and FB2 (7), and their enantiomers (FBI* and FB2 6 ) 
are the most probable transition states for ring inversion 
(B B 6 ). The stereoelectronic characteristics of the 
folded boat conformations will be discussed in detail later. 
They involve three principal factors: (i) steric interactions 
[x, see (6); y, see (7)], (ii) diminished conjugation associated 
with the non-planar ester groups, and (iii) opposing con-
tributions from -ir sconjugati ve interactions of the ester 
oxygen atoms, and from ir-r conjugative interactions of the 
carbonyl groups, with the aromatic rings. The relative 








. (9) R c Me,X = CH2 
o 	CH2Ph 
N~O 
o 	CH2Ph 	 0 	cH2Ph 
(11) 	 (12) 
t The description 'Chair' is non-specific and refers to both of the enantiomeric conformations (C and C) of the rigid chair type. 
Similarly, the description 'Boat' refers to any conformation of the flexible boat family. The descriptions B, B, TB, TB*, FBI, FBI*, 
FB2, and FB2 6 used later in the Communication are specific (cf. ref. 4). 
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di-o-thymotide [(3), AG: 177 kcal mo1 1 ] and di-o-carvocro-
tide [(4) G 184 kcal mol'] support the view that the 
F132 and FB2 8 conformations are more likely to be the 
rate-determining transition states for B B" inversion. 
This conclusion is based on the expectation that the steric 
The lactones (8) 1 and (9) 10 have given results (Table) 
compatible with relatively low energy B B" inversion 
processes. In contrast, the isomeric bislactams (10) and 
(11) showed no change in their 'H n.m.r. spectra up to. 
+ 1800 in accordance with the view that the resonance 
Free energies of activation (G 1) for B va B 8 inversion 
Prochiral 	Temp. 	 Chemical shifts (r)a 
Compound 	Solvent 	group (°C) J/Hz 	 GI/kcal mol' 
CDCI3 	 CHMe3 	+25 	8'84 (A), 8'88 (B), Jne.n 69 	177 ± 02' 
+80 886 (AB), JM0,H 69 
 CDCI 3 CHMe3 +25 874 (A), 892 (B), Jne,a 69 184 ± 0l' 
+96 883 (AB), JM5,E 69 
 CDCI3 CS2 (1 : 1) CH, —90 635 (A). 702 (B), J 115 Ca. 109 
+22 684 (AB) 
 CDCI,-CS 2 (3: 1) Cl-I3 —60 563 (A), 647 (B), J 138 109 ± 02' 
+10 610 (AB) 
(10)a (CD3 ) 2S0 CH, +22 4•77 (A), 5•35 (B), J 150 > 27 
+180 490 (A), 522 (B), J 150 
(11)b 	(CD3)2S0 	 CH, 	+22 	535 (A), 596 (B), J 150 	>. 27 
+180 516 (A), 571 (B), J 15.0 
(12)c 	C6 D,NO2 	 CH, 	+63 	5'83 (A), 632 (B), J 14•0 	21.4C,t 
J. F. Stoddart, in 'MTP International Review of Science, Organic Chemistry,' Series One, ed. W. D. 011is, Butterworths, London 
1973, vol. 1, p.1. 
M.p. 158-159°. b  Mp. 208-209°. C Ref. 4. d  With respect to tetramethylsilane as internal standard. Sites are designated 
A and B for two site systems; sites that represent two time-averaged signals are designated AB. 'Strictly speaking this is an example 
of an ABCD system coalescing to an AA'BB' system. However, the higher temperature spectrum was almost a singlet and the low 
temperature spectrum was approximately an AB system. Accordingly, it has been treated as an AB system coalescing to a singlet. 
I By line shape methods. 9 At the coalescence temperature by using the approximate equation k 5 1. = 1T[(VA - 'n)' + 6 J ah]*J2. 
interaction [y, see (7)] will be slightly greater when R' = 
Pr' (4) than when R' = Me (3). It follows that the energy 
barrier for ring inversion of disalicylide (2; R' = H) will be 
even lower. It is therefore understandable that attempts 
demands of cis-amide linkages are considerably greater 
than those of cis-ester linkages. 
to effect its resolution were unsuccessful. 8 	 (Received, 301h April 1973; Coin. 620.) 
1 W. Baker, W. D. 011is, and T. S. Zealley, J. Chem. Soc., 1951, 201; W. Baker, B. Gilbert, W. D. 011is, and T. S. Zealley, ibid., 
p. 209. 
3 W. Baker, B. Gilbert, and W. D. 011is, J. Chem. Soc., 1952, 1443. 
W. Baker, J. B. Harborne, A. J. Price, and A. Rutt, J. Chem. Soc., 1954, 2042. 
'R. Crossley, A. P. Downing, M. Nógrádi, A. Braga de Oliveira, W. D. 011is, and I. 0. Sutherland, J.C.S. Perkin I, 1973, 205. 
'P. G. Edgerley and L. E. Sutton, J. Chem. Soc., 1951, 1069. 
A. P. Downing, W. D. 011is, and I. 0. Sutherland, J. Chem. Soc. (B), 1970, 24. 
W. Baker, R. Banks, D. R. Lyon, and F. G. Mann, J. Chem. Soc., 1945, 27. 
8 L. Anschütz and R. Neher, Ber., 1944, 77, 634. 
0 \\r• Baker, W. D. 011is, and T. S. Zealley, J. Chem. Soc., 1952, 1447. 
10 W. Baker, D. E. Clark, W. D. 011is, and T. S. Zealley, J. Chem. Soc., 1952, 1452. 
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The Conformational Behaviour of 5,6,11 ,12,17,18-Hexahydrotribenzo [a,e,i] - 
cyclododecaene and its Derivatives 
By DAVID J. BRICKW000, W. DAVID OLLIS,*  and J. FRASER STODDART 
(Department of Chemistry, The University, Sheffield S3 7HF) 
ino':ei H The temperature dependence of the ' n.m.r. RECENTLY we examined' the temperaturc dependence of 
:'ectn m of 1,4,7,1O,13,16-hexamethyl-5,6,1I,12,17,18- the 'H n.m.r. spectrum of 5,611.12,17,18-hexah3-drotri-
he. ahy ntrihenzo[a,e,i]cvclododecaene (2) has been benzo[a,e,i]cyclodo:ecacne 2 . 3 (1) in carbon disulphide 
mte preted in terms of ring inversion between enantio- solution and found that the sharp singlet (i 707) at +21 0 
meric C2 crn'orm tions. for the C1-I,-CU protons became a broad unsymmetrical 
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multiplet at _800  indicating the presence of a conformation 
devoid of three-fold symmetry. Clearly the presence of 
aromatic methyl substituents would assist in the under-
standing of this conformational behaviour so we have 
prepared compound (2) by a Wurtz reaction on 3,6-




R 6017j 	(2) R Me 11  
R 
MeA_ _MeA 





MeD 	 MeQ 
MeD 
D 3 conformation 
 
The 'H n.m.r. spectrum of this hexamethyl derivative (2) 
in CDCI 3 showed temperature dependence; the three 
singlets (r 7-42. 7-49, and 7-52) for the methyl groups at 
+20° (Figure) coalesced to a sharp singlet (-r 7-50 at + 80°). 
Models suggest that the molecule (2) could adopt two 
conformations in the ground state, one with C, symmetry 
(3) and the other with D 3 symmetry (4). These two con-
formations (denoted by C. and D3) are analogous to the 
helical (C,) and propeller (CO conformations of the tn-
salicylides.' The interconversion between the C. and D, 
conformations, (3) and (4), and their enantiomers (denoted 
by C,* and D3 8 ) involves the following equilibrium: 
D, s C, #~ C,° D3*. 
The most direct qualitative interpretation of the 1 H 
n.m.r. spectrum of the hexamethyl derivative (2) would be 
to assign the three methyl singlets observed at +20 ° to 
the three non-equivalent pairs of methyl groups (MCA, 
Me5 , and Mc) of the C, conformation (3) and conclude 
that the molecule exists entirely in this conformation in 
solution. However, closer inspection of these signals 
(Figure) indicates that the two singlets to lower field are 
slightly broader than the high field singlet. Two inter -
pretations may be considered: either (i) the non-equivalent 
methyl groups (MCA , Me33 , Alec) of the C. conformation  
(3) are exhibiting non-identical relaxation times, or, (ii) 
there is a small amount (<5%) of the D3 conformation (4) 
whose equivalent methyl groups (Me u) are giving rise to a 
TABLE 
Strain energies (in kcal mol') of selected conformations of com- 
pound (2) 
Conformation 	E,° 	EO & 	Ea 	Ela E.bs Era  
C, 	 0-35 	2-71 	076 	024 	005 	4.1J. b 
0-31 2-47 1-53 0-65 000 4.96b 
TS(C, 	C,*)c.d 087 1529 	143 	076 	2-44 20-79 
TS(D, C,)c 	096 1299 1-87 0-98 505 21-85 
a The following energy terms' have been used: E, (bond 
length strain), F0 (angle strain), E (torsional strain). El (out-
of-plane strain in aromatic rings), E7 b (non-bonded inter-
actional strain). Total strain energy, ET = E, + F0 ± E + 
E6 + Eflb. The force constants used were those employed by 
Boyd' for calculating strain energies in cyclophaucs. 0  The C, 
conformation is also favoured by entropy: on the basis of 
symmetry considerations alone, the C, conformation, which has 
a symmetry number of 2, will be R In 3 cal K' n,ol-' higher in 
entropy than the D. conformation which has a symmetry number 
of 6. C  Transition-state geometries were defined (cf. ref. 5) by 
holding a CH,CH, unit in the plane of one of the aromatic rings. 
e.g. C-4a to C-il inclusive. ' If the difference in strain energies 
between the C, conformation and the transition state for 
C, ~ C,' inversion is equated with H then an approximate 
estimate for GCC of 16-3 kcal mol follows from recognising 
that the transition state is favoured on entropy grounds by 
R In 2 cal K-' mol' (i.e. the C112CH2 unit can rotate in two 
equivalent ways). 
signal coincident with that of Ale c in the C, conformation 
(3) and exchanging with MCA  and Me,,. This second 
possibility was effectively ruled out by the observation 
that there were no significant changes in the line-shape 
down to _400 Comparison of the observed 'H n.m.r. 
spectra with theoretical spectra generated by line-shape 
equations based upon a three-site exchange process between 
MCA, Men, and Ale c , and involving the same rate constant 
for all three site exchanges, gave a value [for AG: of 
17-1 ± 03 kcal mol' for C, rt C, inversion. 
role4 loreB Mec 
'r 7-42 	74.9 752 
FIGURE. The 'H n.m.r. spectrum of the methyl groups of com-
pound (2) at +20° in CDCI,. 
Strain-energy calculations have been performed 8 on the 
ground state conformations and on probable transition 
states for the 1) 3 C, (D3' C2 8 ) interconversion and the 
C, C,' inversion processes. The results recorded in the 
Table are in agreement with the conclusion that the C, 
conformation is more stable (LG° 5 i = Ca. 1-5 kcal mol-3 ) 
than the D3 conformation, but suggest that the D, con- 
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formation may contribute slightly to the conformational 
equilibrium. If this were the case, the fact that the 
calculated energy barrier for D3 ~ C2 interconversion is of 
the same order of magnitude as the C2  _~ C,' inversion 
r2 	 r2ft 
(ABCCBA) k 	(CCBAAB) 
,/~/t 	\'*"\k 
C26 	 C2 
(BAABCC) 	 (BAABCC) 
Ilk 
C2 	 C2_ k 
(CCBAAB) 	k 	(ABCCBA) 
SCHEME. The sites of the three pairs of methyl groups have been 
designated A, B, and C (in parentheses) with respect to six designated 
methyl groups. It is seen that all of the nuclei have been exchanged 
after two conformational inversions. Consequently the rate constant, 
Ii for C C2 ' inversion is taken as twice the rate constant for site 
exchange of the methyl groups. 
barrier suggests that a rate process involving a fourth site 
might be occurring in the temperature range +200 to 
+80*. This possibility was explored by generating theo-
retical spectra using line-shap. equations 5 based upon a 
four-site exchange process between Met , Men , Mec, and 
Men, with the chemical shifts of the last two sites being 
made coincident. The results demonstrated that an 
contribution from the D3 conformation must be less than 
0.8%. 
The fact that compound (2) exists in the less svmm rical 
C. conformation (3) in solution is of interest fcr at east 
three reasons. Firstly, the situation contrasts with that 
exhibited by the t. salicylides, where in all cases so far 
examined 5, both the helical (C 1 ) and propeller (C3) con-
formations are present with the more symmetrical propeller 
always being preferred. Secondly, Baker and his collabora-
tors2 concluded, on the basis of an optical examination of 
the crystals of compound (1) that the molecules were 
unlikely to have trigonal symmetry. Thirdly, there is 
encouraging agreement betweenG 0 of 171 and 
of 16•3 kcal mol' determined from strain energy 
calculations (Table). 
(Received, 91h April 1973; Corn. 500.) 
1 T. J. Grant, W. D. 011is, and J. F. Stoddart, unpublished results. 
2 W. Baker, R. Banks, D. R. Lyon, and F. G. Mann, J. Chem. Soc., 1945, 27; E. Muller z'.nd G. ROscheisen, Chem. Ber., 1957, 90, 543. 
H. A. Staab, F. Graf, and B. Junge, Tetrahedron Letters, 1966, 743. 
E. Buchta and G. Loew, Annalen, 1955, 597. 123. 
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M. A. Miller and D. H. Wertz, J. Amer. .Chem. Soc., 1971, 93, 1637. 
J. F. Stoddart, 'Organic Chemistry, Series One,' 'Structure Determination in Organic Chemistry,' ed. W. D. 011is, Butterworths, 
London, 1973, p.  1. 
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Department of Chemistry, Queen's University, Kingston, Ontario (Canada) 
(Received July 30th, 1973; accepted September 4th, 1973) 
ABSTRACT 
The synthesis of 	 (8) from 
6-deoxy-D-allose is described. Periodate oxidation of 8, followed by borohydride 
reduction and acetylation, yielded a crystalline 2,4,7,9-tetra(acetoxymethyl)-5 10-
dimethyl-1,3,6,8-tetraoxecane (3). - 
INTRODUCTION 
There is considerable interest at the present time in the conformational analysis 
of heterocyclic systems'. In recent years, we 2,3' have been concerned with the con-
formational properties of medium heterocyclic rings, most of which have been derived 
from carbohydrate precursors. The tetraoxecane derivatives 1 and 2 have been 
prepared 2 , for example, from di-f3-o-ribofuranose 1,5':! ',5-dianhydrjde (6)2 . Thus, 
when compound 6 was subjected to periodate oxidation, followed by borohydride 
reduction and acetylation, a 2,4,7,9-tetra(acetoxymethyl) I ,3,6,S-tetraoxecane (2) was 
obtained as a crystalline compound. De- O-acetylation of 2 yielded the corresponding 
2,4,7,9-tetra(hydroxymethyl)1368tetraoxecane (1), which is also a crystalline 
compound. Compound 1 is of potential interest in connection with studies 6 on cyclic 
polyethers and their complexes. We report now the synthesis of di-(6-deoxy-$-D-
allofuranose) 1,5':l ',5-dianhydride (8), which yielded a 2,4,7,9-tetra(acetoxymethyl)_ 
5, 10-dimethyl-1,3,6,8tetraoxecane (3) by the route described for the conversion of 6 
into 2. 
RESULTS AND DISCUSSION 
6-Deoxy-D-allose was prepared by way of the reac' tion' of 6-deoxy-2,3-0-
isopropylidene- 5- O-p - tolylsulfonyl - L - mannofuranose with methanolic sodium 
methoxide. Treatment of 6-deoxy-D-allose with benzaldehyde, zinc chloride, and 
*Present address: Department of Chemistry, McGill University, Montreal, Quebec, Canada. 
tPresent address: Department of Chemistry, The University, Sheffield S3 7HF, Great Britain.. 
j'To whom inquiries should be addressed. 
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glacial acetic acid for I h at 800 gave a syrup, which was revealed by t.l.c. as a complex 
mixture. A solution of the syrup in methanol, kept at 50, afforded in low yield a 
crystalline material, which was identified as a mixture of the two diastereoisomers (ha and 11 b) of 1 ,5-anhydro-2,3- The n.m.r. 
spectrum in chloroform -d of this product showed two singlets at r 4.33 and r 3.83, 
whose integration corresponded to one proton in a ratio of approximately 10:1. These 
signals have been assigned (cf. Ref. 8), respectively, to the exo benzylidenemetjijne 
proton of the syn isomer ha and to the endo benzylidene-rnethine proton of the anti isomer hlb. The H-I signal was a broadened singlet, an observation consistent 9  with 
the fl-D configuration for the group on C-i. It was reported 8 previously that 
benzyljdenatjon of D-ribose under the same conditions as described for 6-deoxy-D-
allose also yields, amongst other products, the syn isomer (lOa) and the anti isomer (lOb) of I ,5-anhydro2,3 O -benzylidene-jDribofUraflo5e. in the- n.m.r. spectra of 
lOa and lOb, the signals for the benzylidene-methine protons were observed at r 4.32 
and r 3.84, respectively. Hydrogenation over 10% palladium-on-carbon of the 
mixture of ha and 11 b yielded crystalline I ,5-anhydro-6-deoxypDallofuranose (12). 
R' 
ROCH2 H H CH20R 
POCH2 H H CH20R 
I R=H,R'=H 
2 PAc,P=H 
• 3 R Ac. R'oM 
40 P= Ph. R'=HRH 
H 	4b P = H. R'= Ph, R=H 
50 .R = Ph, R'= H, P= Me 
Sb P = H, P'o Ph, V-  Me 
P . 
The preponderant component in the methanolic mother liquors from the 
crystallization of ha and hib was isolated as syrup by way of column chromatog-
raphy on silica gel, and has been identified as di-(2,30benzyljc1ene6deoxy..p.. 
D-allofuranose) 1,5':l',5-dianhydrjde For di(2,30benzy1idene6deoxyp..all0 
furanose) 1,5':l',5-dianhydride, three diastereoisomers are possible, namely, the two 
with both benzylidene.methjn protons either endo (5a) or exo (Sb), and that with one 
benzylidene-methjne proton endo and the other exo. The n.m.r. spectrum in chloro-
form-d of the syrupy product showed two singlets at z 4.06 and r 4.32, of equal 
intensities; these signals are assigned to endo and exo benzybdene-methine protons, 
respectively. The product is thus a mixture of diastereoisomers. At least the two 
diastereoisomers, 4a and 4b, of di-(2,3- O -benzylidene -J3-Dribofuranose) 1,5': 1 ',5- 
dianhydride are also obtained 8  on benzylidenatjon of D-ribose under the same 
conditions as employed in the present work for6-deoxy-D-allose Hydrogenation over 
10% palladium-on-carbon of the mixture ofdiastereojsorners of di-(2,3- 0-benzylidene-
6-deoxy-IJ-D-allofuranose) 1,5': 1 ',5-dianhydride gave crystalline di-(6-deoxy-/3-D 
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allofuranose) l,5':l',5-dianhydride (8), which afforded the tetraacetate 9 in crystalline 
form on treatment with acetic anhydride—pyridine. The n.m.r. spectrum of 9 in 
chloroform-d was analogous to that previously obtained  for di-(2,3-di-O-acetyl-
fl-D-ribofuranose) 1,5':l ',5-dianhydride (7). In the spectrum of 9, a 2-proton singlet at 
PO 	PR 	 R 
'H 	 _k\01 H 	 H:E O\O 
Me 
 H 
P0 	 'op 	 lOo P = Ph, P' = H, P'= H 	 12 
lOb P = H R'= Ph,P= H 
	
6P=H,P'H 	 lloP 	Ph, P'H,R"r=Me 
7P= Ac, R'=H 
8RH,RMe 
9 P= Ac, P'= Me 
T 5.04 was assigned to H-1j', an assignment consistent with the /J-D configuration at 
both glycosidic centers; the corresponding signal for compound 7 had been observed 
at 'r 4.87. As in the case of 7 (cf. Ref. 2), the magnitudes of the couplings between the 
other protons for 9 (see Experimental section) are consistent with 3 T2 conformations 
for the furanoId rings and an "up-down-up-down" arrangement of the four oxygen 
atoms within the ten-membered ring, which also displays a two-fold (simple) axis of 
symmetry. Although a molecular ion was not observed in the mass spectrum of either 
compound 8 or the acetylated derivative 9, several peaks were observed in each case 
at Pn/e values higher than that for the potential molecular ion of a monomeric 
struct ure*. The integrity of the configurations of C-5 and C-5' in 8 was confirmed by 
the fact that only 6-deoxy-o-allose was obtained on acid-catalyzed hydrolysis of 8. 
Treatment of compound 8 with sodium metaperiodate. followed by reduction 
of the oxidized product with sodium borohydride, and then acetylation with acetic 
anhydride—pyridine, afforded a crystalline 2,4,7,9-tetra(acetoxymethyl)-5,l0-dimethyl 
1,3,6,8-tetraoxecane (3). The elemental analysis, and i.r. and n.m.r. spectra, were all in 
agreement.with structure 3. 
EXPERIMENTAL 
Genera! methods. - Melting points were determined on a Fisher—Johns 
melting point apparatus and are uncorrected. Optical rotations were measured with 
a Perkin—Elmer Model 141 automatic polarimeter at 23±3 °. l.r. spectra were 
*Ms spectral data for a mixture of diastereoisomers of di-(2,3-O-benzylidene-flDribofuranose) 
l,5':l',5-dianhydride, compounds 6-9, and the mixture of ha and lIb obtained in the present work 
are reported in Ref. 10. 
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recorded with a Beckman IR5A spectrophotometer. N.m.r. spectra were recorded at 
60 MHz in chloroform-d or in acetone-d6 with tetramethylsi lane (r 10.00) as internal 
standard, or in deuterium oxide with sodium 4,4-dimethyl-4-silapentane- I -sulfonate 
(r 10.00) as internal standard. High-resolution mass spectra were determined with a 
JEOL JMS-OISC double-focusing spectrometer at an ionizing potential of 75 eV. 
T.l.c. was performed with Silica Gel G as the adsorbent; the developed plates were 
air-dried, sprayed with 5% ethanolic sulfuric acid, and heated at about 150'. The term 
"petroleum ether"refers to the fraction of b.p. 60-80°: Hydrogenations were per-
formed with a Parr apparatus at a pressure of approximately 28 x 10 kg m 
Benzylidenazion of 6-deoxy-D-allose. - 6-Deoxy-D-allose' (3 g) was treated with 
benzaldehyde (150 ml), zinc chloride (15 g), and glacial acetic acid (15 ml) for 1 h at 
80°, by the procedure described by Wood et al. 5 for the benzylidenation of D-ribose at 
80° (see also Ref. 8). T.l.c. (1:4, v/v, ethyl acetate—petroleum ether) of the resultant 
syrupy product (4.05 g) showed the presence of several components; the preponderant 
one had R F 0.50. A solution of the syrup in methanol, kept at 5°, deposited a crystal-
line material (402 mg), m.p. 140-148°, which was identified as an approximately 10:1 
mixture of the two diastereoisomers (ha and lib, respectively) of 1,5-anhydro-
2,3- O-benzylidene-6-deoxy-/3-D-allofuranose; n.m.r. data (chloroform-d): r 2.62 
(S-proton singlet, Ph group), 4.33, 3.83 (2 singlets corresponding in intensity to 1 
proton, exo and endo benzylidene-methine protons, respectively, in the approximate 
proportion 10:1), 4.85 (I-proton broadened singlet, H-I), 5.30-5.68 (3-protons, H-2, 
H-3, and H-4), 5.83-6.25 (1-proton multiplet, H-5), and 8.80 (3-proton doublet, 
J,6 7 Hz, C-6 Me). The i.r. spectrum (Nujol) did not show any absorption attrib-
utable - to an hydroxyl group. The molecular formula of the crystalline product was 
confirmed as C 13 H 1404 by mass spectrometry: M 234.087±0.002 (CaIc. for 
C13 H 1404: 234.0892). 
The methanolic mother liquors were evaporated, and a portion (830 mg) of the 
syrupy residue was applied to a column of silica gel (mesh 60-120). Elution with 1:5, 
v/' ethyl acetate—petroleum ether afforded the component, which had R, 0.50 in t.l.c. 
in 1.4 ethyl acetate—petroleum ether, as a syrup (224 mg), [x] 3 —87° (c 2.5 1, chloro-
form). This component was identified as a mixture of diastereoisomers of di-(2,3-0 7
benzylidene-6-deoxy-/3-D-allofuranose) l,5':l',5-dianhydride. The i.r. spectrum 
(smear) did not show any absorption attributable to an hydroxyl group; n.m.r. data 
(chloroform-d): r 2.57 (10 protons, Ph groups), 4.06, and 4.32 (2 singlets cor-
responding in intensity to 2 protons, endo and exo benzylidene-methine protons, 
respectively, in the approximate proportion 1:1). 
1,5-Anhydro-6-deoxy-f3-D-al!ofuranose (12). - Hydrogenation over 10% 
palladium-on-carbon of the mixture (180 mg) of diastereoisomers ha and hib in 
ethanol afforded a crystalline product (38 mg). Recrystallization from ethyl acetate 
gave pure 12, m.p. 122.5-124.5°; [c] 3 —51.5° (c 1.93, methanol), [c] —169°;36 
n.m.r. data (acetone-d6 containing one drop of deuterium oxide): T4.87 (1-proton 
singlet, j12  <0.5 Hz, 1-1-1), 5.63 (1-proton doublet, .134 -<0.5 Hz, .145 3.6 Hz, H-4), 




overlap with H-S signal, H-3 or H-2), 6.28 (1-proton, 8-line multiplet, J56 6.5 Hz, 
H-5), and 8.85 (3-proton doublet, C-6 Me). The product did not reduce Fehling's 
solution. 
Anal. Caic. for C6 H 1004 : C, 49.3; H, 6.9. Found: C, 49.4; H, 6.9. 
Di-(6-deoxy-f3-D-a1lofuranose) 1,5': 1 ',5-dianhydride (8). - Hydrogenation over 
10% palladium-on-carbon of the mixture (200 mg) of diastereoisomers of di-(2,3-0-
benzylidene-6-deoxy-fl-D-allofuranose) 1,5':l ',5-dianhydride in ethanol (50 ml) 
afforded crystalline 8 (21 mg, 42%). Recrystallization from 19:1, v/v, acetone—water 
gave an analytically pure sample as needles, m.p. 253-255 0 , [c],3 —84.3° (c 1.09, 
water); n.m.r. data (deuterium oxide): t 5.02 (2-proton broadened singlet, H-1,1'), 
5.36-5.61 (2 protons, doublet of doublets, .123 = = 4.5 Hz, .134 = J3' , 4' = 
7.3 Hz, H-3,3'), 5.9 1-6.39 (6 protons, H-2,2', H-4,4', and H-5,5'), and 8.81 (6-proton 
doublet, J56 = J-" ,6'= 7.0 Hz, C-6,6' Me groups). 
Anal. CaIc. for C 12 H2008 : C, 49.3; H, 6.9. Found: C, 49.2; H, 6.9. 
In a separate experiment, an almost doubled, overall yield of 8 was isolated by 
way of hydrogenation of the syrupy mixture directly obtained by benzylidenation of 
6-deoxy-D-allose. The hydrogenation product was a crystalline material, which was 
then dissolved in 19:1, v/v, acetone—water. Seeding of this solution with a crystal of 8 
obtained above, afforded analytically pure 8 as needles. 
Di-(2,3-di-O-acety1-6-deoxy-/3-D-allofuranose) 1,5':] ',S-dianhydride . - Com-
pound 8 (28 mg) was acetylated in the usual manner with acetic anhydridè—pyridine 
to give a crystalline product. Recrystallization from ethanol afforded analytically pure 
9 (25 mg, 55%), m.p. 166-167°, [] + 16° (c 1.08, chloroform); t.l.c. (1:1, v/v, ethyl 
acetate—petroleum ether): R F 0.33; n.m.r. data (chloroform-d): t 5.04 (2-proton 
singlet, H-1,1'), 4.67-4.76 (2-proton doublet, J23 = J" , 3' = 5.0 Hz, H-2,2'), 4.26- 
4.50 (2 protons, doublet of doublets, J34 = 	= 6.9 Hz, H-3,3'), 5.85-6.26 
(4-proton multiplet, .145 = 	= 1.3 Hz, J56 = J5 . 6 , = 7.1 Hz, H-4,4' and 
H-5,5'), 8.92 (6-proton doublet, C-6,6' Me groups), 7.89, and 7.96 (12 protons, OAc 
groups on C-2,2' and C-3,3'). Spin-decoupling was used to verify the assignments of 
H-3,3', H-4,4', H-5,5', and of the C-6,6' methyl protons. 
Anal. CaIc. for C 2o H 280 2 : C, 52.2; H, 6.1. Found: C, 51.9; H, 6.1. 
Acid-catalyzed hydrolysis of di-(6-deoxy-f3-D-allofuranose) 1,5':] ',S-dian/iydride 
(8). - Compound 8 (19 mg) in M aqueous trifluoroacetic acid (6 ml) was heated on a 
steam bath for 4 h; t.l.c. (1:1, v/v, chloroform—ethanol) indicated that all of the 
dianhydride (R f  0.73) had been converted into a slower-moving component (streak, 
R F 0.25-0.50). Evaporation of the solvent gave a slightly-colored, crystalline residue, 
m.p. 130°. The product was washed with cold ethanol to afford white needles, m.p. 
138-141°; an authentic sample of 6-deoxy-D-allose had m.p. 140-143°. The hydrolysis 
product also migrated as a homogeneous component, at the same rate as authentic 
6-deoxy-D-allose, on Whatman No. 1 filter paper in 3:1:1, v/v, butanol—ethanol—water 
(alkaline silver nitrate' and sodium metaperiodate—potassium permanganate' 2 
spray reagents); the presence of 6-deoxy-L-talose (R6 0iyaijo, 1.18; authentic sample 
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obtained from methyl 6-deoxy-2,3-0-isopropylidene-x-L-talofuranoside' 3) in the 
hydrolyzate was not detected by paper chromatography. 
2,4,7,9- Tetra(acetoxymethyl)-5,1O-dimethyl-1,3,6,8-tetraoxecane (3). 	Com- 
pound 8 (308 mg) was dissolved in water (8 ml) and a solution of sodium meta-
periodate (300 mg) in water (4 ml) was added; the reaction mixture was kept for 9 h 
at room temperature. After the excess of periodate and iodate had been precipitated 
with a 10% aqueous barium chloride solution, sodium borohydride (170 mg) was 
added to the filtered solution; the reaction mixture was kept for 16 h at room 
temperature. The excess of borohydride was destroyed by the addition of solid carbon 
dioxide, and the solution was evaporated. The solid residue was treated with acetic 
anhydride (10 ml) in dry pyridine (30 ml) in the usual manner. The acetylation mixture 
was poured into ice-water (100 ml), and the mixture was kept for 1 h before being 
extracted several times with chloroform. The combined chloroform extracts were 
washed with an aqueous solution of sodium hydrogen carbonate and then with water, 
dried (sodium sulfate), and evaporated to give a syrup (150 mg) which was shown by 
t.l.c. (1:1, v/v, ethyl acetate-petroleum ether) to consist of two components having R F  
values of 0.4 and 0.2. The slower-moving component was isolated as a solid (65 mg) 
by column chromatography on silica gel, and was identified as 3. Recrystallization 
from ether-petroleum ether gave an analytically pure sample of 3 as colorless crystals 
(40 mg, 10%), m.p. 977980, [j3  +28.6' (c 0.52, chloroform); ) 5.78 pm (OAc, 
no absorption attributable to an hydroxyl group; n.m.r. data (chloroform-d): t 5.40 
(2-proton triplet, J-'5.5 Hz, H-2,7), 5.8-6.6 (12 protons), 7.40, 7.66 (2 singlets 
corresponding in intensity to 12 protons, OAc groups on C-2,4,7,9), and 8.83 (6-
proton doublet, J-6.5 Hz, Me groups on C-5,10). 
4nal. Caic. for C 20 H 320 12 : C, 51.72; H, 6.90. Found: C, 51.75; H, 6.99. 
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Stereospecific Synthesis of the trans-anti -trans- and trans -syn -trans - 
Isomers of Dicyclohexyl-18 -crown -6 
By J. FRASER STODDARTS and COLIN M. WHEATLEY 
(Department of Chemistry, The University, Sheffield S37HF) 
Summary The macrocyclic polyethers, (7) and (8). have 	 H 
been synthesised stereospecifically from the diastereoiso- 
meric acyclic methylene acetals, (1) and (2), obtained ~T) from (+)-cyclehexane-trans-I,2-diol; both (7) and (8) form 	 H 
stable complexes with metal cations. 	 H 
OF the many so-called'.' crown compounds that were 
prepared initially by Pedersen,' dibenzo-18-crown-6 and 
dicyclohexyl- 1 8-crown-6 have been the most widely 
investigated. Two isomers of dicyclohexyl-18-crown-6 
have been obtained'' by catalytic hydrogenation of 
dibenzo-18-crown-6. These have been designated'. 3 as 
Isomer-A (m.p. 61-62.5°) and Isomer-B (m.p. 69-70 °)t 
in the literature. The assignment of Isomer-A to the 
cis-syn-cis-configuration4 and Isomer-B to the cis-anti-cis-
configuration 5 is based on X-ray crystal structure analyses. 
We now report the stereospecific synthesis of the trans-anti-
Irons- (7) and trans-syn-trans- (8) isomers from the diastereo-
isomenc acyclic methylene acetals (1) and (2), respectively. 
Acid-catalysed reaction of (± )-cyclohexane-trans- 1,2-
diol with formaldehyde yields, amongst other products, the 
diastereoisomeric (± )-di-(l) and meso-di-(trans-2-hydr-
oxycyclohexyloxy)methane (2), which may be separated by 
fractional crystallisation. 6 Configurational assignments 
can be made7 to these isomers on the basis of the signals 
observed in the 'H n.m.r. spectra for their dioxymethylene 
protons. 
Treatment of compounds (1) and (2) in turn with sodium 
hydride and diethyleneglycol ditosylate' in dimethoxy-
ethane-dimethyl sulphoxide (3:1) at 50-55 ° for 24 h 
0  '_~ I r")  
H %-j H 
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afforded the cyclic acetals (.i) and (i), respectively. i..om- Reagents: i, (p-Me.C5H,.S0,.CH,CH0,0; NaH; DME-DMSO; 
pound (3) was obtained in 57% yield as an oil after chrom- ii , H+-H2O. 
t Isomer-B exists in a second crystalline form with m.p. 83-84° (see ref. 3). 
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atography on silica gel using ether as eluant. Similarly, 
compound (4) was obtained in 21% yield as prisms, m.p. 
62-63° . The cyclic acetals (3) and (4) were hydrolysed 
quantitatively to the noncrystalline diols (5) and (6), 
respectively. Further base-catalysed reactions of the diols 
(5) and (6) with diethyleneglycol ditosylate 8 at 50----55° for 
16 Ii yielded the trans-anti-trans- (7) and trans-syn-trans- (8) 
isomers of dicyclohexyl-18-crown-6. Both isomers were 
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purified by silica gel chromatography with ether as eluant. 
Isomer (7) was isolated as needles, m.p. 77_800,  in 25% 
yield. Isomer (8) was isolated as prisms, m.p. 120-121 0 , 
in 30% yield. Preliminary observations suggest that 
isomers (7) and (8) both form stable crystalline complexes 
with sodium bromide. 
(Received, 191h February 1974; Corn. 211.) 
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THE CONFORMATIONAL BEHAVIOUR OF SOME 
MEDIUM-SIZED RING SYSTEMS 
W. D. OLLIS,*  J. F. STODDART and I. 0. SUTHERLAND 
Department of Chemistry, The University, Sheffield S3 7HF, England 
(Received 14 March 1974) 
INTRODUCTION 
The work discussed in this paper originates from 
the so-called "rigid-group principle" 1.2 which recog-
nised that the incorporation of torsionally rigid 
groups, such as the ortho-disubstituted benzene 
unit (1), into acyclic precursors encouraged, for 
statistical reasons, the formation of compounds 
containing medium and large rings. This approach 
led some years ago to the synthesis and recognition 
of a number of 8-membered, 12-membered and 
larger ring systems and generated interest in the 
conformations of compounds of this type. 
-...-,-OEx 'I, 	azz:_11 	)D_ 
2 
The possible conformations of 8-membered ring 
systems of the '6,8,6' type (2), which include two 
"rigid groups", were first discussed' in 1935. These 
early ideas were used' to account for the existence 
of a- and 6-disalicylides (2, X=Z=O; 
Y=W=CO). Although this proposal' was later 
shown' to be incorrect, the idea  of two possible 
conformations for other '6,8,6' systems remained 
valid. The possible conformational behaviour of 
5,6,11,12 - tetrahydrodibenzo[a,e ]cyclo-octene (2, 
W=X==Y=Z=CH 2) was described in detail in 
1945 in a pioneering paper by Baker, Banks, Lyon, 
and Mann.mn  Their discussion based upon molecular 
models clearly indicated the possibility of a rigid. 
chair-like conformation and a flexible boat-like con-
formation. 
Our interest in the use of NMR line-shape 
methodst for the investigation of the dynamics of 
conformational changes led us first to re-examine 
the trisalicyclide problem.' A proposal for the full 
tin this paper we refer to only 'H NMR spectra at 
100 MHz. 
*For a promising way of overcoming these restrictions 
see Ref 9.  
conformational itinerary for the 12-membered ring 
system of the trisalicylide derivatives (3) could 
then be put forward. In particular we were able to 
establish with certainty that these compounds (3) 
adopted propeller (C.,) and helical (C) conforma-
tions: However, a quantitative discussion of these 
R 
R' = 	= Me 
R' 	Me, R 2 .' Pt 
R' 	'Pr, R2 	Me 
results in terms of relative conformational energies 
remains a future objective. In view of the rapid 
accumulation of information in the literature' on 
the kinetics of conformational change at the time 
(1968) that our investigations of the trisalicylide 
system were carried out, and the general absence of 
a quantitative assessment of the results, we decided 
to investigate compounds for which both an NMR 
line-shape examination and a molecular mechanics 
approach' to conformational energies could be 
attempted. The '6.8,6' system (2) was selected as 
our first objective in this comparative study which 
we then hoped to be able to extend subsequently to 
more complex systems. In order to carry out 
molecular mechanics calculations with confidence 
the compounds studied were, in part, restricted to 
those in which (i) the aromatic rings have either 
hydrogen or methyl substituents, and (ii) the tor -
sionally mobile bridging groups (2, X—W and Y—Z) 
are associated with either C—C single bonds or 
double bonds, or contain heteroatoms that are not 
conjugated with the aromatic is-elcctron systems. 
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The calculation of conformational energies 
It is possible, in principle, to calculate the relative 
energies of different conformations using quantum 
mechaniêal methods. However, in practice, this has 
only been done successfully for small molecules 
and the results provide less insight for the organic 
chemist than those obtained by the much less 
laborious molecular mechanics calculations! These 
methods for calculating relative strain energies 
have been used since the 1940510  but it was not until 
after the appearance of Hendrickson's classical 
paper' in 1961 that the wide scale introduction of 
computing techniques into organic chemistry led to 
the development of the method by a number of 
different groups." In an important and recent critical 
reviewBo of this approach, it has even been con-
cluded that molecular mechanics methods are pref-
erable to the usual experimental methods for 
obtaining new enthalpy data for saturated hyd-
rocarbons! 
The compounds discussed in this paper present 
difficulties for molecular mechanics calculations on 
account of their complexity (30-66 atoms) and also 
because they include structural features, such as 
benzene rings and hetero-atoms, that require the 
use of strain energy parameters that are not as well 
tested as those that have been used for saturated 
hydrocarbons. The strain energy Minimisation pro-
cedure that we have used was originally based upon 
the "steepest descent" method of Wiberg,' 1 but it 
was subsequently found that the procedure re-
ported by Allinger, Tribble, Miller and Wertz' 3 t is 
much more efficient for the type of compound that 
we have studied. The major disadvantage of this" 
and related' methods is that it proves to be 
relatively inefficient for optimising the torsional 
strain in long polymethylene chains in cyclic or 
acyclic compounds. It may, however, be possible to 
overcome this problem by using modified torsional 
strain energy functions at an early stage in the 
calculation. This belief is probably well-based since 
it is found that excess torsional strain is effectively 
removed from multiple bonds presumably as a 
result of the much larger force constants, k, that 
are appropriate for these bonds (cf Table 1). 
Our original choice of a force field was based 
upon that used by Boyd" for the calculation of 
strain energies of cyclophanes. There may well be 
imperfections in this force field, particularly when 
large angle deformations are involved (see below), 
but reasonably satisfactory results have now been 
obtained in a substantial number of calculations. 
Details of the force field used in our calculations 
are given in Table I. The bond stretching force 
constant, kR, and equilibrium values for bond 
lengths are not critical since bond stretching defor- 
Table I. Force field used for strain energy calculations 
Bond stretching E = 0-5 k, (r - r0)2 
kR r0 
Bond kcal A_2  mole' A 
C-H 655 1-09 
C-C 663 1 -54, 1-52', 1.50'  
C=C 1102 1-395 
(Aromatic) 
C-H 729 1-09 
(Aromatic) 
C-S 463 180 
C-N 716 1'472 
C=C 1397 1337 
'In polymethylene chains. "C-C=. CC-Ar. 
Angle 
deformation 	E. = 0-5 k,,(0 - 
k0 00 
Angle 	kcal rad. 2 mole' radians 
C(C 115 194604 
CcH 94 1-91113 
H(H 74 1-88494 
CC 100 1'72613 
CS 115 194604 
HCS 89 1-91113 
C?C 144 1-90241 
CN 130 1-94604 
H(N 100 1-91113 
C=C-C 144 2-09439 
C=c-H 94 2-09439 
Aromatic 144 209439 
144 2-09439 
108 	 2-09439 
Torsion 	 E, =0-5k(A + cos no) 
Bond kcal mole- ' 	A n 
C-C 3-0. 	1 3 
C-S 2-1 1 3 
C-N 4'4 	1 3 
C-C(=C) -20 -1 3 
C=C -160 	-1 2 
C=C 
(Aromatic) - 11-5 	- 1 3. 
	
For each 	 E. is summed over all four torsion 
tWe thank Professor N. L. Allinger for kindly corn- angles, corresponding to a torsional barrier of 64 
municating details of this procedure to us. 	 kcal mole'. 
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Non-bonded interactions ENH," = A e"°°"' - C(B/r)6 
Interaction 	A 	B 6 C 
C,C 	88600 	34 	0241 
H,C 55500 29 0153 
H,H 	34800 	24 	0095 
C 'S 151500 355 0412 
H,S 	95200 	305 	0259 
C,N 82800 32 0225 
H,N 	52200 	27 	0142 
'EN., in kcal mole, r in A. This corresponds to the 
Hill Function (Ref 16). 
'Corresponding to the following van der Waals radii 
(A): C, 17; H: 12; S. 185; N, 15. 
For force constants and equilibrium geometries of 
sulphides see: J. H. Carter, J. M. Freeman, and T. 
Henshall, J. Mo!. Spec. 22. 18 (1967);D. W. Scott and M. 
Z. El Sabban, J. Mo!. Spec. 30. 317 (1969); H. Siebert, Z. 
Anorg. Ailgem. Chem. 271, 65 (1952); 273, 161 (1953). 
For amines see: D. R. Lide, J. Chem. Phys. 27, 343 
(1957); 28, 572 (1958); G. Dellepiane and G. Zerbi, J. 
Chem. Phys. 48, 3573 (1968); J. Stackhouse, R. D. 
Baechler, and K. Mislow, Tetrahedron Letters 3437(1971). 
For alkenes see: G. Favini, G. Buemi, and M. Raimondi, 
J. Mo!. Struct. 2, 137 (1968); 3, 385 (1969); N. L. Allinger 
and J. T. Sprague, J. Am. Chem. Soc. 94, 5734 (1972). 
mation is not dominant in determining conforma-
tional strain energies: the equilibrium values and 
force constants, k 9, for angle deformation are much 
more critical. The method that we have employed 
for evaluating angle strain energy, E8 , is not entirely 
satisfactory since it tends to over-estimate angle 
strain for large angle deformations. We have at-
tempted to deal with this problem by a rather ar-
bitrary reduction of force constant values for large 
tThe results obtained in our study" agree with those re-
cently reported" for an independent examination of the 
hydrocarbon (4); the second study extends the results re-
ported here to the measurement of the activation energy 
for the process BoatB oat*.  
angle deformations (cf Ref 13). However, more 
satisfactory solutions may lie in the use of a 
Urey–Bradley force field or of a modified function' 
for E9 . Stretch-bend interactions" are not included 
in our treatment since we are more interested in 
relative conformational energies than in the accu-
rate reproduction of bond lengths. The torsional 
and non-bonded interaction functions that we have 
used are chosen so that rotational barriers' 5 are 
largely due to the relative values of E6 (see Table I). 
This results from our choice of the Hill Function 16 
for estimating non-bonded interactions and also the 
use of relatively small van der Waals radii. This 
approach reproduces energy barriers for conforma-
tional changes in cyclophanes, where non-bonded 
interactions are important, but it does not repro-
duce, for example, axial-equatorial energy differ -
ences for substituted cyclohexanes which are 
underestimated by our procedure. Out-of-plane de-
formation energy in aromatic rings, E, is estimated 
by using the approach put forward by Boyd,` and 
this also gives good results when applied to 
conformational changes in cyclophanes. 
The conformational behaviour of some '6,8,6' sys-
teins 
5,6,11,12- Tetrahydrodibenzo [a,e]cyc!o-octene (4) 
and analogous compounds. 17  At the start of this 
work the conformation of both 1.5-cyclo-octadiene 
and its dibenzo-derivative (4) were not firmly estab-
lished although interest had been expressed in the 
problem over many years. On both geometrical 
grounds" and from the examination of models (cf 
Ref I) it is clear that both a rigid chair-like confor-
mation and a family of flexible boat-like conforma-
tions are possible for 1,5-cyclo-octadiene and its 
dibenzo-derivative (4). Dipole moment measure-
ments' 9  and early NMR studies suggested that 1.5-
cyclo-octadiene predominantly adopts a twist-boat 
conformation in solution: these conclusions are 
consistent with recent crystallographic results" and 
an NMR study. 2 ' 
The NMR spectrum" of the hydrocarbon (4) in 
CDCI 3–CS 7 shows clearly, at low temperatures, two 
sets of aromatic proton signals and two sets of 
methylene proton signals which are assignable to 
two conformations present in approximately a 1: 1 
ratio. The rate of interconversion of the two 
conformations may be obtained from the tempera-
ture dependence of the aromatic proton signals 
which coalesce to a singlet at higher temperatures. 
The appearance of the methylene proton signals is 
more revealing. One conformation gives a singlet 
signal, consistent with a rapidly inverting flexible 
conformation, and the second conformation gives 
an AA'BB' system assignable to a conformation 
that is rigid on the NMR time scale.T From the 
examination of models and from molecular 
mechanics calculations, the rigid conformation is 
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clearly the Chairt conformation (6) and the mobile 
conformation belongs to a family of Boatt confor -
mations. These results provide satisfying support 
for the conformational scheme outlined in Fig 14 
The scheme considers the general conformational 
situation for the hydrocarbon (4) and analogues (2) 
in which one or more of the ring methylene groups 
are replaced by suitably substituted heteroatoms. 
Conformations are conveniently described using 
the usual notation for torsional angles (see S and 
Refs 11 and 23) and referring in turn to the 4a-5, 
5-6, 6-6a, lOa-11, 11-12, and 12-12a bonds. The 
conformations C and C*  (6) are related, in terms of 
tin this paper the descriptions "Chair" and "Boat" are 
not specific. "Chair" refers to the conformations C and 
C* and "Boat" to any of the infinite number of confor-
mations lying on the pseudorotational itinerary 
BTBB*TBB (see Fig I). 
fln Fig 1, and similar figures in this paper, conforma-
tional diagrams are restricted to one of each type, e.g. 
C (6). This and related conformations, e.g. C* (6), are 
listed below each diagram in terms of the appropriate 
torsional angles. 
R 	 R11 	12 
9 	10. 	1201 	2 
40 
4: R • H 
II: RMe 
oGD 
+ 	 - 	 0 
5: Notation for torsional angles 
the NMR spectrum, by geminal site exchange of the 
methylene group protons, and for chiral systems C 
and C'' are also related as enantiomers. Other pairs 
of conformations, B and B*  etc., are related in a 
similar way. 
There are a number of possible transition states 
for the interconversion of the various conforma-
tions shown in Fig 1, and a few well defined high- 
w 
C (+-+-+-) B(-O+-0+) 











N A._.___ -TB 
TS 	 TS* 
- 
TS I (0-+-+0) TS2 (+-00 +-) 
TSI*(O+_+._O) TS2*(_.f00_+) 
90 	 9b 
- 
0 
FBI (0-+0-+) FB2(+-O+-O) 
FBI*(O+_O+_) FB24 (--fO-+O) 
IOa 	 lOb 
Fig 1. Conformational changes of 5,6,11,12-tetrahydrodibenzo[a,e]cyclo-octene (4) and heterocyclic 
analogues. The notation for torsional angles (5) refers in turn to the 4a-5, 5-6, 6-6a, lOa-ll, 11-12, and 
12-12a bonds (see 4). 
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energy conformations were selected so that the 
measured activation energy for the conformational 
change, ChairBoat, could be compared with. 
calculated activation energies. In particular the 
conformation TSI (9) [for the hydrocarbon (4) 
WXYZCFl. and TS lTS J *_TS7 
TS2*1,t characterised by the coplanarity of C 
atoms 4a, 5, 6, 11, 12, and 12a. was examined as a 
likely transition state for the process ChairBoat. 
The conformation FBI (10) (for 4, 
W=X=Y=Z=CH 2 , FB lFB2 and FB I *FB2* 
are related as enantiomers) was considered as a 
probable high energy point on the pseudorotational 
itinerary of the Boat conformations since it is 
characterised by the coplanarity of atoms 4a. 5, 6, 
12, and 12a, with consequently maximised non-
bonded transannular interactions between the pair 
of methylene groups at C-6 and C-12. The 
minimum energy boat conformation (MEB) could 
be related to either the B(7) or TB(8) conforma-
tional types, but on the basis of calculations the 
minimum energy conformation of the hydrocarbon 
(4) is characterised by torsional angles of 
ca +26° about the 5-6 and 11-12 bonds. It is 
therefore situated geometrically between B(7) and 
FBI (10) in the conformational itinerary depicted in 
Fig I (with three other minimum energy conforma-
tions associated with three equivalent positions in 
this itinerary). 
The calculated strain energies of the various con-
formations of the hydrocarbon (4) are summarised 
in Table 2. The strain energy differences between 
the conformations CC* (6) and TSl 
TS1*TS2TS2* (9) (E5 I l5 kcal mole) is in 
satisfying agreement with the observed activation 
energy for the process ChairBoat (AG' •10'2 
kcal mole'). We therefore conclude that the path-
way C±TS1B is a reasonable representation of 
tFor compounds in which Wo X and/or Y? 1 Z the transi-
tion states TS I and TS2 and FBI and FB2 must be consi-
dered separately.  
this process. The barrier to the pseudorotational 
process that interconverts the minimum energy 
boat conformations probably involves the transi-
tion state FBlFB2, FB1*FB2*  (10) although 
the calculated strain energy difference between 
these conformations (E5 45 kcal mole') is 
rather smaller than the observed activation energy 22  
for the process Boat±Boat* (G 75 ± 1 
kcal mole'). These conclusions have recently been 
supported 25 by a similar examination of the confor-
mational behaviour of I ,4,7,10-tetramethyl-
5.6,11,1 2-tetrahydrodibenzo[a,e ]cyc!o-octene (11). 
The methyl substituents give two signals at low 
temperature assignable to Chair and Boat confor-
mations and the free energy of activation as-
sociated with the coalescence of these two signals 
(AG' 118 kcal mole') agrees well with the calcu-
lated strain energy difference of the C(6) and TSI 
(9) conformations (see Table 2, AE s 13'2 
kcal mole'). 
In all of the strain energy calculations summar -
ised in Table 2 the values of the bond bending force 
constants, k, have been reduced since large angle 
deformations are involved in the conformation 
TSI. The reduction is probably inconsistent with 
angle deformation strain associated with small 
angle deformations (see below). If normal values for 
force constants are used, the calculated energy bar-
riers for (4) become approximately 17-6 kcal mole' 
(zE5 for C and TS 1) and 7'6 kcal mole ( A Es for 
minimum energy Boat and FBI). The observation 
of an equilibrium between Chair and Boat con-
formations for the hydrocarbons (4 and 11) is 
of interest since the crystal structure of the diben-
zoderivative (4) is consistent' with a centro-
symmetric conformation, presumably CC* (6), in 
the solid state. On the other hand, the NMR spectra 
of derivatives of 4 have been interpreted 24 in terms 
only of a boat-like conformation. 
The replacement of one or more of the CH, 
groups (W, X, Y, Z in 6-10) of the hydrocarbon 
(4) by S, SO2, N-acyl or N-toluenesulphonyl 





E 	E. 	E. 	E EN,, Es 
Hydrocarbon (11) 
E. 	E,, 	E. 	E 	F,,,,, 
cC* b (6) 6•45 0-02 069 5-59 	0-01 0-14 7-31 0-05 118 595 013 0.0 
BEB*b(7) 7-50 0-08 098 600 0-01 043 7-96 011 1-66 600 0-15 0-04 
TBTB"(8) 7'46 0-02 089 6-04 007 044 926 020 186 610 0-07 	103 
MEB 6-69 0-10 035 3-72 063 1-89 597 008 1-62 4-05 0-22 000 
TSITSITS2TS2*a(9) 1790 062 15-05 006 004 123 2054 087 16-88 0-93 	1-05 	081 
FBIF132, 	FBI*EFB2*(10) 11-18 0-28 835 120 007 128 
:All strain energies in kcal mole. 
Conformations retaining plane of symmetry (C 2 ,, and C). 
Conformation retaining axis of symmetry (D2 ). 
'Defined by coplanarity of atoms II, 12, 12a, 4a, 5, and 6 (C',). 
Defined by coplanarity of atoms 12, 12a, 4a, 5, and 6 (C',). 
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results in changes in (I) the ChairBoat equilibrium 
and (ii) the activation energies for conformational 
changes of the type shown in Fig I. These 
structural changes introduce considerable difficulty 
into possible strain energy calculations. The re-
sults so far obtained experimentally in this series 
have already been discussed" in detail. 
V 
 - _- Q R5Y 
120: R' 	R 2 	H 	 13 
12 b: R' = Me, R2 H 
12c: R' = R2 = Me 
The conformational situation for compounds of 
the '6,8,6' type analogous to 4 is changed considera-
bly when further multiple bonds are introduced into 
the 8-membered ring. Thus molecular models show 
that both 5,6-dihydrodibenzo[a.e ]cyclo-octene 
(12) and dibenzo[a,e]cyclo-octene  (13. R=H) can 
adopt only the boat-like conformations shown. 
The conformational mobility of derivatives of 12 
can be studied 26 by NMR methods since the -CH 2-
CH2 - group gives rise to an AA'BB' system for 
slow ring-inversion and an A4 system for fast ring-
inversion on the NMR time scale. The NMR spec-
trum of the unsubstituted hydrocarbon (12a) is 
unchanged (CH-CH 2 singlet) down to - 110°, but 
the spectrum of the monomethyl derivative (12b) 
shows a complex ABCD system for the -CH—CH = 
group which coalesces to a singlet above - 40°. The 
accurate value of the inversion barrier for 12b has 
not been calculated due to the complexity of the 
NMR spectrum. but it is obviously much higher 
than that for the parent (12a) and much lower than 
that for the dimethyl derivative (12c) which shows 
an AA'BB' system for the CH 7-CH1 group up to 
200°. Inversion barriers in the dibenzocyclo-octa-
trienes (12) are therefore highly dependent upon the 
substituents R' and R. 
The inversion barriers found 37 for a derivative of 
the hydrocarbon (13, R = CF2H; G 123 
kcal mole) is higher than that likely to be as-
sociated with the cyclo-octatriene derivative (12a). 
This system also shows pronounced substituent 
effects. 2728 
In view of the above results for the hydrocarbons 
(4, 11, 12, and 13) and their derivatives, it is 
gratifying that the disalicylide derivatives (14) also 
show temperature dependent NMR spectra as-
sociated with a considerable barrier to inversion of 
their boat-like conformations 29 (14a: G' 177 
kcal mole, and 14b: AG' 184 kcal mole). On the 
other hand, compounds such as the bis-lactams (15 
and 16) show no change in their NMR spectra up to  
180° (AB system from CH 2Ph methylene protons). 
This is to be expected since a combination of steric 
effects associated with the N-benzyl substituents 
and the conjugative demands of the cis-amide lin-
kages combine to produce a high degree of confor-
mational rigidity (AG' for inversion >27 kcal 
mole'). 
PhCH o 	Ph02 o 
cço aN iO 
R' 0 'CH2Ph 	PhCH2 0 
140: R' 	Me, R2 Pr' 	15 	 16 
14b: 	Pr', R 2 Me 
N~~ ~e 
17 
Whereas inversion of the boat-like conformation 
of the cyclo-octatetraene derivatives (13) probably 
involves a planar transition state, the cyclo-octa-
triene derivatives (12) have additional torsional 
freedom about the CH—CH : bond: the transition 
state for inversion is likely to he as shown in 17 in 
which the saturated bridge adopts a staggered con-
formation. The disalicylides (14) have restricted 
torsional freedom about the cis-ester linkages as a 
result of p-ir, conjugative interaction, but it is 
thought likely that the inversion of their boat-like 
conformations follows more closely the conforma-
tional itinerary BTBB*TB*B. (cf Fig I) 
involving transition states of the FBI and F132 type 
(cf 10). Thus the disalicylide derivatives (14) proba-
bly follow conformational pathways associated 
with ring systems analogous to the cyclo-octadienc 
derivative (4) rather than those followed by cyclo-
octatriene (12) and cyclo-octatetraene (13) deriva-
tives. A quantitative assessment of inversion bar-
riers in compounds of the disalicylide (14) and 
bis-lactam (15 and 16) types cannot be made using 
molecular mechanics calculations until the problem 
of assigning suitable force constants for groups 
such as Ar-N-CO-Ar, Ar-O-CO-Ar, and 
Ar-C=C-Ar has been satisfactorily surmounted. 
5,6,7,12- Tetra hydrodibenzoa,dI cyclo-octene and 
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tremely satisfactory results obtained for the 
dibenzo[a,e]cyclo -octene derivatives (4 and 11), it 
was of interest to extend our studies to include an 
exarriination of the conformational changes of the 
closely related dibenzo[a,d]cyclo-octene  deriva-
tives (18). An examination of models of the 
hydrocarbon (189) shows that, as for cyclo-octa-
1,4-diene, there is a rigid Chair conformation (19) 
and a flexible Boat conformation (20, 21). In this 
case the Boat conformation (20) does not have the 
symmetry required" for complete pseudorotation 
(BTBB*TB*B) without the introduction 
of angle strain. However, the strain introduced is 
small (see Table 3) and for practical purposes this 
Boat conformation (20) may be considered to un-
dergo pseudorotation in much the same way as the 
Boat conformation of 4. The hydrocarbon (18a) is 
a rather inconvenient molecule to study by NMR 
line shape methods due to the anticipated complex-
ity of the NMR spectrum of the CH-CH ,-CH 
group. We have therefore focussed our attention 
entirely upon heterocyclic analogues of 18 and in 
two cases (18b and 18d), these have also proved 
suitable for comparison with calculated strain 
energies. 
In general, the dibenzo-derivatives (18) show 
NMR spectra at room temperature, or above, con-
sistent with rapid conformational changes (C-5 and 
C-7 methylene protons as a single singlet signal). At 
lower temperatures, however, changes are ob-
served in their NMR spectra which in most cases 
are consistent with an equilibrium involving two 
conformational species. One of these is a rigid 
conformation (AB system from C-S and C-7 
methylene protons), readily assignable to a chair-
like conformation, C and C*  (19). The other is a 
flexible conformation (singlet from C-5 and C-7 
methylene protons) which evidently lies on the 
pseudorotational itinerary BTBB*TB*B 
(see Fig 2). In the cases of the two compounds (18b 
and 18a) studied by strain energy calculations 
(Table 3), the observed energy barrier to the 
conformational change BoatChair is consistent 
with a transition state of the type TSI (22) (C l 
symmetry, atoms 4a, 5, 6, 12, and 12a coplanar), 
rather than the other two possible transition states 
Table 3. Strain energies of selected conformations of 5 , 7- dihvdro- 1 2H-dibenzo[c,f]thiocjn (18b) and 6-methyl-5,6,7,I2 
tetrahydrodibenz[c.f]azocine (18d) 
Conformation E 
Thiocin derivative (18b) 
ER 	E. 	E6 	E END) E8 
Azocine derivative (18d) 
E6 	F. 	E. 	E END, 
cEC*(19) 187 015 118 195 0-04 -1-45 4-30 0-16 192 3-99 0-10 -188 
BB*(20) 9-67 0-35 770 0-48 0-12 1-03 5-94 0-20 3-84 2-83 017 - 1-10 
TBTB*b(21) 5-21 0-24 4-88 0-40 0-66 -0-97 5-62 0-33 5-48 0-17 0-26 -0-61 
MEW 5-10 0-24 2-60 2-21 0-12 -0-07 
TSlAaTS1B,TS1A*TS1B* a (22) 19-43 0-56 16-70 2-14 0-16 -0-i2 22-58 0-68 17-04 4-57 007 0-23 
TS3aTS3*(24) 21-59 0-29 16-71 4-38 0-62 -0-41 27-29 0-33 16-20 9-52 1-94 -069 
TS2TS2*f(23) 3327 0-75 27-90 3-79 0-08 0-75 33-36 0-57 23-87 8-36 0-01 056 
°C, symmetry. 
bC symmetry. 
4)56 - 22-9°, 067 84-0° for thiocin, undetermined for azocine. 
dDefined by coplanarity of atoms 12a, 4a, 5, 6, and 7. 
'Defined by coplanarity of atoms 4a, 5, 6, 7, and 7a; C, symmetry. 
'Defined by coplanarity of atoms 4a, 7a, I la, 12, and 12a; C. symmetry. 
Table 4. Strain energies' of selected conformations of 5,7-dihydro- 
dibenzo[c,g]thionin (25c) 
Conformation 	 E 	ER 	E8 E 	E 
Cz-C* 	 1-40 0-23 	0-82 	1-41 0-09 - 1-16 
BB*(29) 9-18 1-20 4-42 	0-78 0-80 	1-97 
DBlDBl*EDB2DB2* d (31,32) 	6-24 0-94 3-45 0-93 0-14 0-79 
TBaTB*(30) 	 14-09 2-32 13-92 -6-26 4-I1 	0-01 
TSTS6 (33) 17-50 2-68 7-03 5-57 3-86 - 1-64 
' All strain energies in kcal mole'. 
bThe torsional barrier associated with the C=C bond was treated as a two-fold 
barrier of height 65 kcal mole'. Conjugation energy of 5 heal mole for the 
double bond with each aromatic ring was also included in the calculations. 
C. symmetry. 
d4) = + 48°; & = - 98°. 
'C symmetry. 
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TS2 (-4-+00) 	 TS3 
TS2°(--+CO) TS3 
TSIB (-f--OO+-) 
ISIB*(_+OO_+) 23 	 24 
22 
Fig 2. Conformational changes of 5,6,7,12 - tetrahydro- 
dibenzo - (a,d]cycio - octene and heterocyclic analogues. 
The notation for torsional angles (5) refers in turn to the 
4a-5, 5-6,6-7, 7-7a, 1 la-12, 12-12a bonds (see 18). 
TS2 (23) (C, symmetry, atoms 4a, 7a, ha, 12, and 
12a coplanar) or TS3 (24) (C, symmetry, atoms 4a, 
5, 6, 7, and 7a coplanar). 
The observed free energies of activation for the 
process ChairBoat for both the thiocin derivative 
18b (G 16'2 kcal mole) and the azocine deriva-
tive 18c (G 5  174 kcal mole) are in good agree-
ment with the calculated strain energy differences 
between the C and TS  conformations for both 18b 
(LEs 17'6 kcal mole') and the azocine derivative 
18d (E5 18'2 kcal mole - ').'I This reasonable meas-
ure of agreement is once again only obtained by 
using reduced angle strain force constants (07 k6 ) 
in the calculations. 
The shape of the energy profile for pseudo-
rotation of the Boat conformation clearly depends 
upon the substituents X and Y. On the basis of our 
strain energy calculations (Table 3) the energy 
profile is quite different for the compounds 18b and 
18d. Thus for the thiocin derivative (18b) the 
minimum energy boat conformation (MEB) is 
reasonably well defined and lies closer to the C2 TB 
conformation (21) than to the C, B conformation 
tThe calculation was carried out for the N-methyl de-
rivative (18d) for simplicity. The N-Me group is not in-
volved in important interactions in any of the conforma-
tions studied.  
(20). A minimum energy boat conformation could 
not be found for the azocine derivative (18d) and 
the strain energies of both B and TB types are 
rather similar (Table 3). Although results for other 
compounds of the type (18) have been obtained by 
NMR line-shape methods, it is unfortunately diffi-
cult to make comparisons with molecular mechan-
ics results at the present time. This would require 
calculation of strain energies for compounds with 
X = 0, S. NR etc, and this cannot be done convinc-
ingly due to potential p-ir conjugation between the 
group X and the aromatic rings in the compounds 
18. 
The NMR spectral data for the azocine deriva-
tive (18e) are diffeient from the other members of 
the series (18) in that the results are consistent with 
the presence of only a single rapidly inverting con-
formation, even at -100° (single signal for C-5 and 
C-7 methylene protons). The chemical shift data are 
consistent with this being a conformation of the 
boat type. This observation of a rapidly inverting 
Boat conformation for the compound 18e and the 
virtual absence, or near absence, of the chair con-
formation [G (C-3.Boat)<-2'3 kcal mole'] is 
consistent with the replacement of the usual non-
bonded interaction between X and Y in the B 
conformation (see 20) with a weakly attractive, or 
bonding, interaction since AG' (BB*) < -8 
kcal mole. This proposal (Fig 3) is reminiscent of 
the suggestion made some years ago" that in 
suitable medium-sized cyclic aminoketones there is 
an attractive transannular interaction between the 
nitrogen atom and the carbon atom of the carbonyl 




Fig 3. Transannular electronic interaction in the cyclic 
aminoketone (18e). 
The conforinational behaviour of '6,9,6' and 
'6.10,6' systems 12 
The recognition that heterocyclic derivatives of 
'6,8.6' systems of the general type 2 and 18 exist in 
solution in diastereomeric Chair and Boat confor-
mations (see Fig I) encouraged us to extend 32 our 
investigations to include some related '6,9.6' sys-
tems (25 and 26) and '6.10.6' systems (27). 
In those '6.9.6' systems which are heterocyclic 
analogues (25) of 12,13-dihydro-IIH-diben-
zo[a,e ]cyclononene, similarities in conforma-
tional behaviour with that of the '6.8,6' systems (18) 
are observed. The temperature dcpendent NMR 
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spectra of the amines (25a and 25b) demonstrate 
that two diastereomeric conformations are popu-
lated in solution. In each case at low temperatures, 
the C-5 and C-7 methylene protons exhibit (i) an 
AB system assignable to a relatively rigid confor -
mation and (ii) a singlet associated with a rapidly 
inverting conformation: These signals coalesce to 
an AB system as the temperature is increased and 
then to a singlet at higher temperatures. Two 
exchange processes can therefore be identified by 
line-shape analyses. The flexible conforma t ion con-
stitutes the minor conformation, and in the case of 
the sulphide (25c) it is not observable by NMR 
spectroscopy where coalescence of a single AB 
system characterises the temperature dependent 
spectra. In the low temperature spectra of the 
amines (25a and 25b) two singlets of unequal in-
tensity are observed for the N-Me protons of 25a 
and also for the methylene protons of the N-benzyl 
group in 25b. The coalescence behaviour permits 
independent line-shape analysis of the interconver-
sion processes involving the two diastereomeric 
conformations to be made. Agreement in both 
cases is excellent. 
Examination of molecular models directed our 
attention (Fig 4) to five particular conformations- 
(i) a relatively rigid chair (C) conformation (28) 
with C, symmetry, (ii) a boat (B) conformation (29) 
with C, symmetry, (iii) a twist -boat (TB) conforma-
tion (30) with C2 symmetry, (iv) asymmetric 
distorted-boat (DB) conformations (31) and (32), 
and (v) a transition state (TS) conformation (33) 
with C, symmetry. Strain energy calculations 
(Table 4) on the sulphide (25c) show that the C (28) 
and DB conformations (31 and 32) correspond to 
ground state conformations. The DB conforma-
tions (31, 32) are situated geometrically between B 
(29) and TB (30) conformations in the conforma-
tional itinerary depicted in Fig 4 and are character- haracter- 
X 	3 
8 	7 	5 	4 
11 	12 	rs 	I 
9 
X • NH 
X • We 
26cr X - NH2Ph 
X - NCOMe 
X • S 
X SO2 
31 	 32 	 33 	 - 
	
TS 	 TS* I 	I 
C 	 0 	 C ° 
IS 	 - 
DBI -TO -D82  
Fig 4. Conformational changes in the heterocyclic 
analogues of 12,13 - dihydro - IIH - dibenzo[a,e]cyclo- 
nonene. The notation for torsional angles (5) refers in 
turn to the 4a-5, 5-6, 6-7, 7-7a, Ha-12, and 13-13a 
bonds (see 25). 
ised by torsional angles of ca 45° and 98° about the 
5-6 and 6-7 bonds respectively. The conforma-
tional itinerary associates the ground state confor-
mations (C, DB1, DB2 and their enantiomeric or 
degenerate partners C*, DBI*, DB2*) with the 
transition states (B, TB. TS and B*, TB*, TS*). The 
TS conformation for Chair-Boat interconVersion 
is characterised by coplanarity of atoms 4a, 5, 6, 7, 
I x 
C  






29 	 30 
rX a f/ 
062 ( -+---+ - ) 	IS (+00 -+- ) 
D82'(+-+4-4- 1S(-00+-+) 
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and 7a and thus has C, symmetry. This situation 
contrasts with the transition state of C symmetry 
which was identified for 5,7-dihydro-12H-
dibenzo[c,fjthiocin (18b) and 6-methyl-5,6,7,12- 
tetrahydrodibenz[c,flazocine (18d). In the case of 
5,7-ditiydrodibenz[c,f]thjonin (25c), the torsional 
rigidity associated with the olefinic double bond 
appears to be responsible for the preservation of C, 
symmetry in the TS conformation (33). In the Boat 
family of conformations, the B conformation (29) is 
destabilised by transannular nonbonded interac-
tions involving the sulphur atom, whereas the TB 
conformation (30) is characterised by large con-
tributions to angle strain in the region of the olefinic 
double bond. 
The observed free energy of activation (G* = 
155 kcal moIe) for CC ring inversion in the 
thionin derivative (25c) is in very satisfying agree-
ment with the calcu!ated strain energy difference 
(I61 kcal mole) between the C and TS conforma-
tions (Table 4). The calculated strain energy differ-
ence (48 kcal mole) between the C and DB 
conformations (Table 4) is consistent with the 
failure to observe any Boat conformation signals 
in the low temperature NMR spectrum of the 
thionin derivative (25c). The fact that both the N-
Me azonin derivative (25a) (AG' 16-3 kcal mole') 
and the N-benzyl azonin derivative (25b) (G 3 = 
I61 kcal mole - ') undergo CC* ring inversion via 
flexible boat conformations as detectable inter-
mediates in their NMR spectra below 00 probably 
reflects the decreased destabilisation of the DB 
conformation (31. 32) when nitrogen replaces sul-
phur at position 6. 
The '6,9,6' systems of the type 26 and the '6.10.6' 
systems (27) show n  a completely different kind of 
conformational behaviour. At low temperatures the 
NMR spectra of the compounds 26b, 26c, 26e, and 
26f show a single AB system associated with either 
hornotopic or enantiotopic' C-5 and C-7 
methylene groups. This highly informative result 
requires that the observable ground state must have 
either C. or C2  symmetry. A decision between these 
two possibilities is provided by the NMR spectrum 
of the N-benzyl derivative (26c), where below - 50 0 
the methylene protons of the benzyl group give rise 
to an AB system and are therefore demonstrably 
diastereotopic. Clearly, the ground state conforma-
tion of the '6,9,6' systems (26) must have C2 
symmetry leading to either a C 2 chair (34) or a C2 
boat (35) as the only two possibilities. Dis-
crimination in favour of the C3 chair (34) as the 
preferred conformation for the '6,9,6' systems (26) 
was provided by strain energy calculations (Table 
5) on the sulphide (26e). We feel that extrapolation 
to the other '6,9,6' systems is justifiable and do not 
share the view" that the secondary amine (26a) has 
a "freely rotating ring system." 
Examination of molecular models indicates that 
the C2  chair (34) is a flexible conformation and that 
ring inversion can occur by a pseudorotational pro-
cess (Fig 5) involving C, chair (36) conformations. 
The transition state geometry has not been charac-
terised by strain energy calculations in this case, 
C. choir  
C2 chair*  
34 
OCx 
C2 boot (+--+-i..-+) 
C boat* (—+-f--..—) 
35 
Si x 





C2  choirs 
C0 chair 
Fig 5. Conformational changes in the heterocyclic ana- 
logues (26) of 6.7,11,12 - tetrahydro - 5H - dibenzo[a,e] 
cyclononene. The notation (5) for torsional angles re- 
fers in turn to the 4a-5, 5-6, 6-7, 7-7a, I la-12, 12-13 and 
13-13a bonds. 
Table 5. Strain energies 	of selected conformations of 5,7,12,13-tetra- 
- 	 hydrodibenzo[c,g]thioc i n (26e) 
Conformation 	 E 	E. 	E. 	E 	E, ENBI 
C2 chairEC2 chair*(34) 	 620 052 134 321 036 077 
C2 boat-=C2 boat'(35) I270 158 4.35 	049 267 
All strain energies in kcal moe'. 
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but nonetheless it does seem likely that it will lie on 
the pseudorotational itinerary somewhere between 
the C2 chair (34) and C, chair (36). Boat-like inter-
mediates do not appear to be implicated in the C2 
chairC2 cha i r* (34) inversion process. The mag-
nitudes (A G' = 98 - 13'7 kcal mole) of the free 
energies of activation for this inversion process for 
compounds 26b-261 are entirely in accord with a 
process involving torsion about single bonds and 
are in contrast with the much higher values (A G' = 
155-16'3 kcal mole) for the olefinic '6,9,6' sys-
tems (25) where angle strain is an important con-
tributor (Table 4) in the TS conformation (33). 
c) 
C2 choir  
o C2 choir  
o 	37 
The '6,10,6' systems (27) all exhibit sharp singlets 
for their dioxymethylene protons at low tempera-
tures. The observation is consistent with conforma-
tions having C2 symmetry. For the N-benzyl de-
rivative (27b). Iwo AB systems, one for the C-12 
and C-14 methylene protons and the other for the 
methylene protons of the benzyl group, are ob-
served at low temperatures. Thus the ground state 
conformation must have C2 symmetry and the one 
that has been selected is the C 2 chair (37). The 
magnitudes (G= 106-13'1 kcal mole) of the 
free energies of activation for ring inversion (C2 
chairC2  chair*)  are once again entirely in accord 
with a pseudorotational process. 
Strain energy calculations on '6.10.6' compounds 
(27) have not been carried out because of the 
problems introduced by potential p--,T conjugative 
interactions between the oxygen atoms and the 
aromatic rings, and also by potential 1,3-
interactions involving the two 0 atoms. How-
ever, the selection of the C2 chair (37) as the ground 
state conformation matches that selected by other 
investigators" for monocyclic cis -cis -cyclodeca-
1,6-diene derivatives on the basis of conformational 
analysis. 
The conformational behaviour of 1,8-bridged 
naphthalenes" 
The stereochemistry and transannular reactions 
of 7,12-dihydropleiadenes (38) and of derivatives 
(39) of 7H,14H-dinaphtho[I,8-b,c: l',8'-f,g]cyclo -
octatetraene have attracted" a good deal of atten-
tion in recent years. Accordingly, we have turned 
our attention" to the incorporation of 1,8-
disubstituted naphthalene units (40) as torsionally 
PY . cc
6 
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rigid groups into both 9-membered ring systems (41 
and 42) and 10-membered ring systems (43). 
In the heterocycles (41a, 41b, 41e, 411 and 42). we 
observe a single AB system at low temperatures for 
the ring methylene protons which coalesces to a 
sharp singlet at higher temperatures. This observa-
tion may be interpreted in terms of a ring inversion 
process involving conformations in which the 
methylene groups are related either by C, sym-
metry [chair (C; 44) or boat (B; 45)] or by C2 
symmetry [twist-boat (TB; 46)]. 
Conformational analysis indicates that the pert-
interaction between the Y = CH, groups in 41a, 41b, 
41e. and 41f is particularly large. This steric interac-
tion is partially relieved in the TB conformation 
where the principal nonbonded interactions are 
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FB , / 
Fig 6. Conformational changes in compounds 41a, 4115, 41e, 411, and 42. The notation for torsional 
angles (5) refers in turn to the 6a-7,7-8, 8-8a, 12a-13, 13-14, and 14-14a bonds. 
between the Y = CH 1 groups and the heteroatoms 
(X = 0, NR). It seems likely therefore that the TB 
conformation (46) is the ground state and that ring 
inversion involves a TBTB* pseudorotational 
process (Fig 6). Three observations support this 
proposal: (i) The magnitudes (33 Hz for X = 0, 
87 Hz for X = NTs. 121 Hz for X = S. and 241 Hz 
for X = NMe) of the chemical shift differences 
(VA -  PB) for the C-7 and C-14 methylene protons 
(C1-IAHB) is found to depend significantly upon the 
nature of the ring heteroatoms. There are a number 
of examples 36t' 38 where van der Waals interactions 
between heteroatoms and proximate protons lead 
to deshielding of the proton involved. The expecta-
tion" that the deshielding influence of heteroatoms 
will be related to their polarisabilities also appears 
to be fulfilled. (ii) When the heteroatoms in the 
compounds (41c and 41d) are both sulphur (X = S) 
then transannular nonbonded interactions with the 
Y = CH 1 groups destabilise the TB conformation 
sufficiently to permit the observation of approxi-
mately 20% of a second conformation at low 
temperatures. The minor conformation is presuma-
bly the C conformation (44). (iii) The fact that the 
free energies of activation for the TBTB* inver-
sion process (AG' = 133-159 kcal mole) in the 
dithionins (41c and 41d) and diazonins (411 and 41g) 
are larger than those (AG' = 95 kcal mole) for 
the dioxonins (41a and 41b) is consistent with the 
pseudorotational process shown in Fig 6 where the 
FB conformations (47 and 48) correspond to the 
transition states. The main component of strain in 
these FB transition states arises from nonbonded 
interactions between Y = CH , groups and the 
heteroatoms (X = 0, S. NR). 
Similar considerations of chemical shift differ-
ences between the diastereotopic protons of the 
methylene groups, and the G values of 97 and 
104 kcal mole for ring inversion in the dioxonin 
(42) and in the dioxecin (43), lead to similar conclu-
sions; that is the conformational itineraries of 
compounds (42 and 43) also involve ring inversion 
(TBTB*) between enantiomeric twist-boat con-
formations. 
Strain energy calculations have not been per -
formed on any of these systems (41, 42 and 43) 
because of the problems posed by the presence of 
heteroatoms adjacent to aromatic rings. However, 
the contrast between the conformational behaviour 
of these naphtho systems (41-43) and the 6.8.6' 
systems (2) is clearly evident, and no doubt results 
from the influence of the pen-interaction as-
sociated with 1,8-disubstituted naphthalenes. This 
unique geometry imposed by 1,8-di substituted 
naphthalene residues has given rise to transannular 
interactions and reactions in numerous situations! 6 
During a synthesis" of the I 1-membered ring com-
pound (52) from the spiro salt (49)40  by a route (cf 
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Ref 41) involving a Stevens rearrangement and a 
Hofmann elimination, it was found that the 
eneamine (52) undergoes transannular reactions in 
acidic, neutral (cf Ref 43a), and basic (cf Ref 43b) 












Slot X- I 
Sib: X - OH; OMe; 	 52 	
54: X0H; OMe; 
OOCCF3 
OOCCF3 
Treatment of the Spiro salt (49) with phenyl 
lithium afforded the bicyclic amine (50) which was 
converted to the methiodide (Sla). All attempts at 
direct pyrolysis of the derived hydroxide Sib (X = 
OH) were unsuccessful and starting material was 
always recovered unchanged. However, when the 
hydroxide Sib (X = 01-I) was heated under reflux 
with dry toluene in a Dean-Stark apparatus, elimi-
nation proceeded smoothly giving the crystalline 
enamine (52) as the major product and the Stevens 
rearrangement product (53) as a minor constituent. 
The eneamine (52) was shown to be conformation-
ally stable on the NMR time scale since the AB 
system for the ring methylene protons remained 
sharp up to + 1600 in nitrobenzene solution. 
The eneamine (52) has been shown to undergo 
transannular reactions in three different experi-
ments: (i) Treatment of an ethanolic solution of 
compo md 52 with hydroiodic acid for 2 h gave the 
methiodide (Sia) in 72% yield. When compound 52 
was stirred, either (ii) in aqueous methanol at room 
temperature for 48h, or (iii) in aqueous methanol 
adjusted to pH 10 (NH--,) under the same conditions, 
NMR spectroscopy of the product in trifluoroacetic 
acid indicated the presence of the transannular pro-
duct (Sib) and the N-protonated species (54) in the 
approximate ratio of 1:2. Previously, it had been 
established that a solution of the eneamine (52) in 
dimethylsulphoxide-d0 contains only the N-
protonated species 54 (X = OOCCF 3) on addition of 
trifluoroacetic acid and none of the bicyclic am- 
monium salt Sib (X = OOCC1773). All the evidence 
suggests that, in these reactions, the N-protonated 
species (54) is the product of kinetic control 
whereas the bicyclic ammonium salt (51), formed as 
a result of a "reverse Hofmann elimination" (52—p 
51), is the thermodynamically more stable product. 
Relatively few transannular reactions between C=C 
double bonds and heteroatoms are known 4: and 
most require the presence of an acid catalyst (for a 
discussion of some exceptions, see Ref 43). In the 
present case, the propensity for the enamine (52) to 
undergo a transannular reaction is most likely exp-
lained by the favourable transition state developing 
out of the boat conformation (55). To our know-
ledge this is the first example of this particular class 





The conformational behaviour of hexahydrotri -
benzo [a,e,i]cyclododecaene (56) and related sys-
tems 
In addition to discussing the conformational be-
haviour of 5,6,11,1 2-tetrahydrodibenzo[a,e ]cyclo-
octene (4) in their pioneering paper in 1945, Baker 
et al.' also considered some of the possible confor-
mations that 5,6,11,12,17,1 8-hexahydrotribenzo-
[a,e,i]cyclododecaene (56) could adopt. Recently, 
we examined° 4 the temperature dependence of the 
NMR spectrum of compound 56 in carbon disul-
phide solution and found that the sharp singlet for 
the —CH—CH---- protons at room temperature be-
came a broad unsymmetrical multiplet at - 80° indi-
cating the presence of a conformation devoid of 
3-fold symmetry. In order to examine this problem 
in more detail we prepared' the 1,4,7.10,13,16-
hexamethyl derivative (57). The NMR spectrum of 
this compound in deuteriochioroform solution 
showed temperature dependence. Three singlets 
for the Me groups at room temperature coalesced 
to a sharp singlet at + 80°. 
Examination of molecular models suggests that 
the 12-membered ring of compounds 56 and 57 can 
adopt two conformations in the ground state, one 
with C: symmetry (60), and the other with D3 
symmetry (61). These two conformations are 
analogous to the helical (H) (60) and propeller (P) 
(61) conformations of the trisalicylides (3)•0  The 
interconversion between the H and P conforma-
tions and their enantiomers H*  and * is specified 
Tetra Vol. 30, No. 22—i 
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in Fig 7. Strain energy calculations have been 
performed on the ground state conformations (60 
and 61) and on probable transition states for PH 
(P*H*) interconversion and H±H*  inversion. 
The transition state geometries in the TS1 (62) and 
TS2 (63) conformations were defined by holding a 
bis-methylene unit in the plane of one of the 
aromatic rings; for example C-4a, C-5, C-6, C-6a, 
C-10a, C-li were 'held' coplanar. The results re-
corded in Table 6 for the hydrocarbon (57) are in 
good agreement with the conclusion reached on the 
basis of NMR line shape analysis which indicated 
that any contribution at equilibrium (Table 7) from 
the propeller (D 3 ) conformation (61) must amount 
to less than 0-8%. The strain energy calculations 
predict that the Helix (C2 ) conformation (60) is 
more stable (AG,,,, = ca 15 kcal mole) than the 
Propeller (D3 ) conformation (61). This situation 
contrasts (Table 7) with that exhibited by the 
trisalicyclides (3), for which in all cases so far 
examined 6, both helical (C) and propeller (C3) 
conformations are present with the more symmetri-
cal propeller (C3) conformation always being pre-
ferred. Finally, there is excellent agreement be-
tween the 	of 171 kcal mole and the 
of 163 kcal mole' (Table 6) for the HH*  inver-
sion process of the hydrocarbon (57). 
Strain energy calculations have also been per-
formed 16  (Table 6) on the parent hydrocarbon (56). 
They indicate that, in common with the hexa-
methyl derivative (57), the helical (C2) conforma-
tion (60) is more stable than the propeller (D 3 ) 
R • H; X Y CM2 
R Me; X Y CM2 
R H; X CH2 ;Y.S 
R H; X C0;Y We 
conformation (61). They also predict that the bar-
rier to HH*  inversion is less than half that found 
in the hexamethyl derivative (57). At the moment 
we lack quantitative experimental information on 
the parent hydrocarbon (56). However, the temper- 
II R- I R 













Fig 7. Conformational changes in compounds 3, 56-59. 
The notation (5) for torsional angles refers in turn to the 
4a-5,5-6,6-6a, l0a-11, 11-12, 12-12a, 16a-17, 17-18, and 
18-18a bonds. 
i60 









Table 6. Strain energies 	of selected conformations of 5,6,11,12,17,18-hexahydrotribenzo[a,e,j}- 
cyclododecaene (56) and its hexamethyl derivative (57) 
Hydrocarbon (56) Hydrocarbon (57) 
Conformation E5 ER E. E, E EN D ! Es ER E. E. E EN., 
PaP8(61) 5.87b 0-23 3-12 0-84 0-47 121 4.966 0-31 2-47 1-53 0-65 0-00 
HaH*(60) 2966 017 158 0-56 0-20 0-45 4-11 0-35 2-71 0-76 024 0-05 
TS1ETS1*(62) 15-79 0-50 11-21 118 0-20 2-70 21-85 0-96 12-99 1-87 0-98 5-05 
TS2aTS28(63) 9•74 0-24 6-71 134 0-59 0-86 20-79' 087 15-29 1-43 0-76 . 244 
'All strain energies in kcal mole. 
'The Helix conformation is also favoured by entropy. On the basis of symmetry considerations alone, the 
Helix conformation, which has a symmetry number of 2, will be Rln 3 cal K mole' higher in entropy than the 
Propeller conformation which has a symmetry number of 6. 
If the difference in strain energies between the Helix conformation and the TS2 (TS2*)  transition state 
for HaH* inversion is equated with LOH' then an appropriate estimate for of 16-3 kcal mole follows 
from recognising that the transition state is favoured on entropy grounds by Rln 2 cal K mole (i.e. the 
CHZCH2 Unit can rotate in two equivalent ways). 
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Table 7. Relative conformer populations in 12-membered ring compounds 
Compound 	 . Propeller % Helix % 
Hydrocarbon (57) (CDCI 3 soln. at 200) <1 >99 
Trisulphide (58) (CS, sotn. at - 106°) <1 >99 
Tri-o-thymotide (30 (C 2 HCI 5 soin. at 680) 86 14 
Tri-o-thymotide (3c) (C 2 HCI 5 soin. at 90°) 80 20 
Tri-o-carvacrotide (3b) (C,H 5 N soin. at 20°) 64 36 
Tri-o-carvacrotide (3b) (C 5 HN soin. at 90°) 58 42 
Tri-3,6-dimethyl-salicylide (3a) (CDCI 3 soin. at —10°) 67 33 
N,N,N-Trimethyl-trianthranilide (59) (CDCI 3 soin. at 20°) 2 98 
ature dependence of the NMR spectrum in the 
range +20' to -80° indicates a free energy of 
activation for HH* inversion of less than 10 
kcal mole'. Clearly, the replacement of ortho-Me 
substituents by H atoms leads to a significantly 
more mobile 12-membered ring. This is certainly 
the case with the cyclic trisulphide 6,12,18-
trihydrotribenzo[b, 1. j][1, 5, 91trithiacyclododecin 
(58) .17  The NMR spectrum of this heterocyclic com-
pound (58) in carbon disulphide showed tempera-
ture dependence. Three AB systems for the ring 
methylene protons at - 106° were identified by 
homonuclear INDOR spectroscopy. The AB sys-
tems coalesced to a sharp singlet at - 36°. The 
ground state conformation is therefore character-
ised by C symmetry and has been designated as a 
Helix (60). The free energy of activation for H±H* 
inversion was found to be 93 kcal mole and is 
therefore very much smaller than the barrier 
(EkGb,°° 171 kcal mole) to H±H* inversion in 
the hydrocarbon (57) with six ortlio-Me sub-
stituents. 
ortho -Alkyl substituents also influence the activa-
tion parameters (Table 8) for the conformational 
changes in the trisalicylides (3). For tri-o-thymotide 
(3c), the kinetics of conformational change have  
been examined by NMR line-shape methods 
and by measurement of the rate of racemisation of 
optically active tri-o-thymötide. The agreement be-
tween the activation parameters obtained by both 
methods is good (Table 8). The CD of tri-o-
thymotide (3c) in ether solution at - 78' or in a 
potassium chloride disc at 20° shows" that the 
(+)-isomer has the absolute configuration as-
sociated with the M-propeller conformation (64). 
Finally, the trans-ester linkages in tri-o-thyrnotide 
(3c) have been established 48 by an X-ray crystal 
structure investigation (Fig 8). 
Recently, we have prepared" ) N,N,N-trimethyl-
trianthranilide (59) and have shown that its crystals 
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- 	 Table 8. Activation parameters for conformational changes in 12-membered ring compounds 
Compound Solvent Process AG' (kcal mole) 
Hydrocarbon (57) CDCI, HtH* 171 ±03 
Trisulphide (58) HH* 93±02 
Tri-3,6-dimethyt- 
salicylide (3a) CDCI 3 Propeller -oHelix l80±05 
HH* l43±05 
Tri-o -carvacrotide (3b) C3D5N Propeller —o Helix 206 ± 02 
Helix —.o Propeller 203 ± 02 
176±02 
Tri-o-thymotide (3c) CDCI3 PP* 209° 
Propeller -o Helix 201 ±03 
Helix —o Propeller 195 ±03 
N,N,N-Trimethyl- PP 205±03 
trianthranilide (59) PhNO2  Propeller -oHelix 216±05 
HH* 244±05 
"Determined by recalculation from the published figures [A. C. D. Newman and H. M. 
Powell, J. Chern. Soc. 3747 (1952)] provided by polarimetric examination of the racemisation 















Fig 9. Dissymmetric molecules which do not contain 
centres of asymmetry associated with single atoms. 
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Fig 8. The structure of tri-o-thymotide (3c) in the solid 
state. 
solution this Helix conformation is in equilibrium 
with a small amount (ca 2%) of the Propeller con-
formation (61). This corresponds to a difference in 
free energy of ca 26 kcal mole between the two 
conformations and indicates along with the activa-
tion parameters (Table 8) for conformational 
change that the transition states for PeH 
interconversion (TS 1) (G rokr.Hj, = 216 ± 05 
kcal mole) and for HH*  inversion (TS2) 
(iGH. = 244 ± 05 kcal mole) are very similar 
in their energetic demands. 
CONCLUDING REMARKS 
It is appropriate to include in this paper a few 
remarks on the relation between the results now 
reported on the conformational behaviour of 
medium-sized ring systems and the 1874 publica-
tions of van't Hoff 5° and LeBel. 5 ' van't Hoff pre-
dicted 52 the existence of dissymmetric molecules 
which did not contain centres of asymmetry as-
sociated with single atoms. His exact form of words 
and the formula he used 52 deserve repetition: "le 
deuxième cas d'actiuitC oplique; ii potirrait se 
traduire par la forniule: 
R 1 dolt être different de R 7 , R3 de R4, sans que 
toutefois la difference de R 1 et R 3 ou R4 soit 
nécessaire". Clearly this prediction included substi-
tuted allenes (65) and on the basis of the origin of 
this quotation, 52 it is not appropriate to suggest" 
that this proposal should be attributed to F. 
Herrmann.t 
The 	resolution 	in 	1909 	of 	4- 
tWe thank Professor V. Prelog for consultation on this 
point.  
methylcyclohexylidene-acetic acid (66) was the 
first example of molecular dissymmetry of this type 
(Fig 9). However, it was not until 1935 that the 
resolution of allenes (65) was. achieved. 56 
In 1922. Christie and Kenner, 57 working in the 
University of Sheffield, obtained the enantiomeric 
forms of 2,2-dinitrobiphenyl-6,6'-dicarboxylic acid 
(67). The importance of this contribution has been 
assessed by D. H. P. Barton in his Nobel Lecture 
"The Principles of Conformational Analysis": 58 he 
noted that the resolution of 2,2'-dinitrobiphenyl-
6,6'-dicarboxylic acid (67) was not only an example 
of molecular dissymmetry which was not associated 
with particular single atoms, but it was also the first 
experimental demonstration that rotation about for-
mal single bonds could be restricted. This was an 
important development in relation to van't Hoff's 
opinion 5052 '9 that rotation about double bonds was 
"restricted" whereas rotation about single bonds 
was "free". 
The determination of the absolute configuration' 
of allenes (65), 4-methylcyclohexylidene-acetic 
acid (66)," and biphenyls (e.g. 67)" followed much 
later. 
Although the conformations of the compounds 
studied in our investigations are often chiral. 865 
the chirality is not associated with centres, axes, or 
planes of chirality: 55 it is helical in origin in the 
manner that has been elegantly analysed by Cahn, 
Ingold, and Prelog.' 4 This kind of chirality echoes 
the 1860 commentary by Pasteur  61  which included 
the proposal that molecular dissymmetry could be 
associated with helicity. 
Our investigations of the conformational be-
haviour of '6,8,6', '6,9,6', and '6,10,6' 
systems, 1,8-bridged naphthalenes and 
12-membered ring compounds were made pos-
sible using the temperature dependent NMR 
method' because the ground state conform-
ations contained protons or groups showing 
diastereotopic relationships 6 which were 
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exchanged by conformational changes. The 
results have provided particularly instruc-
tive examples of the efficiency of this method, 
which is not only informative when the site ex-
change process involves recognisably dias-
tereotopic groups, but also when homotopic or 
enantiotopic groups are involved. The determina-
tion of the temperature dependence of the site 
exchange rates leads to activation parameters 
which can be directly compared with the results 
of molecular mechanics calculations. 
What of the future? In our view the correlation 
which is now beginning to emerge between activa-
tion parameters for conformational changes involv-
ing inversion and interconversion which are 
calculated and experimentally determined 
is remarkably satisfactory, encouraging and 
satisfying. This augers well for the continued de-
velopment of this general approach in conforma-
tional analysis well beyond the confines of medium-
sized cyclic systems. We share the optimism of 
Schleyer8° and Allinger' regarding the computa-
tional method as a further experimental technique 
to be developed and applied by organic chemists. 
Computational methods can clearly be used to 
determine the conformational characteristics of 
molecules. This approach enables preferred ground 
state conformations to be selected and decisions to 
be taken regarding the relative merits of transition 
state conformations. This is important: the ap-
proach can and will be used with greater accuracy 
than is possible on the basis of opinions formed 
only by the inspection of molecular models. In time 
the caution which is sometimes exhibited with 
respect to such computational methods will be 
replaced by confidence. 
68 
Finally, mention must be made of delightful but 
unpredictable dividends associated with this type 
of investigation. Examples include (i) the spontane-
ous resolution of tri-o-thymotide (3c) and its use as 
a resolving agent, 6 and (ii) the isolation and charac-
terisation of two conformational isomers, m.p. 
182-184° and m.p. 251-254°. of N,N-dimethyl-tri-
anthranilide (69). ° 
In a somewhat light-hearted vein it is perhaps ap-
propriate to conclude this review by a direct quota- 
tion from Louis Pasteur's Second Lecture to the 
Chemical Society of Paris given in 1860: 
"This general conclusion from the above-
mentioned investigations throws a new light on our 
ideas of molecular mechanics." 
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Synthesis of Macrobicycic Polyethers with Carbon Bridgeheads 
By ANDREW C. CoxoN and J. FRASER STODDART* 
(Department of Chemistry. The University, Sheffield S3 7HF) 
Summary A macrqbicyclic polyether (4) has been syn- ,cHoH 
thesised from pentaerythritol in four steps and is a 
IXCHH . suitable precursor to related compounds where the nature of the functional groups attached to the bridge- PtA 
head carbon atoms can be varied. 	 (U 
537 
RECENTLY macrocyclic' and macrobicyclic' polyethers 
containing bridgehead nitrogen atoms have attracted con-
siderable attention because of their surprising ability to 
form stable complexes with metal cations. We now report 
a general synthesis of macrobicyclic polyethers where 
carbon atoms occupy the bridgehead positions. 
Pentaerythritol can be converted 3 into its O-benzylidene 
derivative (1) in good yield. Reaction of this diol (1) with 
NaH and TsOCH,CH,OCH,CH,OTS 4  in Me,SO at 500  for 
70 h afforded a product, m.p. 990,  with the constitutiont 
(2) in 15% yield after chromatography (Et 20) on alumina. 
Treatment of (2) with LiA1H4-BF3' in Et20 yielded the two 
diastereomeric diols (3a) and (3b), as colourless oils after 
chromatography (EtOAc) on silica gel. The second dial 
elutéd from the column was assigned to the configurational 
isomer (3a) ['H n.m.r. (CDCI 3): r 2'79 (10H, br s, 2 x Ph), 
6.59 (4H, s, 2 x PhCH,O), 621-6•79 (32H, other CH, -  
protons), and 7'35 (2H, br s, 2 x OH)] with cis-CH,OH 
groups, since this compound underwent reaction with NaH 
and TsOCH,CH,OCH 2CH20Ts in MeOCH,Ch,OMe at 50° 
for 24 h to give the dibenzyl ether (4), m.p. 48-49 0 , in 30% 
yield after chromatography (Et,O) on silica gel. Hydro-
genation (10 0/, Pd-C) of (4) afforded quantitatively the 
diol (5), m.p. 64-650, which was characterised as the 
dimesylate (6) [nip. 90-91 0 ; 'H n.m.r. (CDCI 3): r 576 
(4H, s, 2 x MsOCH,), 6•40 (36H, br s, other CH, protons), 
and 7'03 (OH, s, 2 x Me)]. 
The macrobicyclic polyethers (4)-(6) are of interest 
because their properties are liable to complement those of 
the diaza-macrobicyclic polyethers,' e.g. 1H n.rf,.r. spectro-
scopy indicates that the dibenzyl ether (4) forms complexes 
Ph-~ :KO 0 O:KC~-Ph 
(2) 
R1 OHC, 	oor o 	,CH2OR2 
R'OH2C 
X:O \_/ 
(3a) R 1 : R2 : H. R3 = R4 CH2Ph 
(3b)R1 oR4 :H; R2 :R3 :CH2Ph 
Ro 
0 	0 
--C 0 0,YNO']~-R 
(Id R :CH2OCH2 Ph 
R = CH20Fi 
R = CH2OMs 
with NaT and KI in CDCI, and preliminary observations 
show that (4) solubilises KMnO 4 in benzene (cf. ref. 6). 
(Received, 8th April 1974; Corn. 390.) 
t Although it is suspected that this product is a mixture of diastereomeric dispiro-compounds, it exhibits a sharp m.pt., migrates 
as a homogeneous component on tic., and has a 'H n.m.r. spectrum characteristic of one compound. 
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Constitutional Isomerism in Bicyclic Diacetals and the Conformational 
Behaviour of cis -Fused 1,3,6,8 - Tetraoxabicyclo[5,3,O] decanes 
By IAN J. BURDEN and J. FRASER STODDARTt 
(Department of Chemistry, The University, Sheffield S3 7HF) 
Summary The equilibrium proportions of the constitu- hydes and ketones, cis-fused 1,3,6,8-tetraoxabicyclo[5,3,0]-
tional isomers (1)—(4) and the conformational behaviour decane ('7/5' isomer) and trans-fused 1,3,6,8-tetraoxa-
of the cis-fused 1,3,6,8-t.traoxabicyclo[5,3,O]decanes bicyclo[4,4,O]decane (6/6' isomer) ring systems, in addition 
(1a)—(4a) provide no evidence for the gauche arrange to a 4,4'-bis-1,3-dioxolan ('5-5' isomer) derivative, may 
ment of the vicinal oxygen substituents being a stabilising result when carbon atoms previously associated with 
feature in these systems. hydroxy-groups in the erythro configuration form the ring 
junctions. 
IN the acid-catalysed condensations of tetritois with aide- 	Acid-catalysed methylenation (paraformaldehyde–conc. 
J.C.S. CHEM. COMM., 1974 
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H,SO4) of tetritols with erythro, ribo, arabino, and galacto 
configurations under conditions of equilibrium control has 
yielded the following compounds (cf. Table): (i) erythritol 
affords (Ia) and (Ib); (ii) methyl n-ribonate affords (2a) 
and (2b); (iii) methyl-D-arabinonatc affords (3a), (3b), and 
HR' H 
oo
(la) R'=R2 =R3 =H 
K 	(2a) R!=R2 "oH3;F = (30) R'.R".'H;R"CO2Me 
R2 	
R'=.R2&'.CO2Me;R"H 




lib) R1=R2 =.R3=H 	 (30 P=s.H;P=CO2Me 
(2b) R1 =R2 =H; R3 =CO2Me 	(4c) R'=R2 =CO2Me ;&=H 
(3b) R t sR3=H; R2 =CO2Me 
(3c); and (iv) dimethyl galactarate affords (4a) and (4c). 
The constitutions of all these compounds follow directly 
from their 'H n.m.r. spectra using (a) the topic relationships 3 
of the -OCH,O- groups as defined by molecular symmetry 
and (b) the criterion' that -OCH,O- protons give rise to 
AB systems with JAB  <1.0 Hz (1,3-dioxolan ring) and 
JAB = 6'0-7'5 Hz (1,3-dioxan or 1,3-dioxepan rings). 
TABLE 
Isomer ratios of the '7/5', '6/6', and '5-5' isomers obtained on 
acid-catalysed mothylenation of erythritol, methyl D-ribonate, 
methyl D-arabinonate, and dimethyl galactarate. 
Configurational 	 Isomer ratios 
series 	'7/5'(a) 	: 	'6/6' (b) 	: 	'5-5' (c) 
erythro (1) 9' : 91 . . : 0 
ribo (2) 	 8" 	 92 0 	: 	0 
arabino (3) 	 54f : 	24' : 22 
galacto (4) 32' 	: 0 	: 	68' 
By g.l.c. for (1) and based on yields after silica gel chromato-
graphy for (2)—(4). b  M.p. 88-89°, C M.p. 1000 (lit.,' m.p. 
97-98°). "Oil. e  M.p. 116-117°. ' M.p. 100-103° (lit.,' 
in.p. 99__1000). 9 M.p. 200-203° (lit.,' m.p. 200-201°). 
h M.p. 162-163°. 'M.p. 104-105°. 
Inspection of molecular models of 1,4: 2,3-di-0-methy-
lene-erythritol (la) reveals that there are three conforma-
tions in which the 1,3-dioxepan rings can adopt the rela-
tively stable twist-chair conformations.' If attention is 
focused on the torsional angles involving the oxygen atoms 
in the -0-4C-C--0- units between the 5- and 7-membered 
rings, then these conformations may be identified (Figure) 
as the gauche-gauche (5), gauche-anti (6), and anti-anti (7). 
Vicinal coupling constant data computed from 'H n.m.r. 
spectra recorded in CDC1, and CS, indicate major contribu-
tions to a conformational equilibrium from conformations 
[i.e. (6) and (7)] with oxygen atoms in the anti-relationship 
in -0-C-C-0- fragments. The preponderance of anti 
-O-C--C-O- fragments is greater in CS, than in CDCI,. 
)<%/H 	
>H 	~ .H  
0 o 
a'th, -gavch. 	 gochc - anti 	 anti- an?! 
(5) 	 (6) 	 (7) 
Another significant observation is the very similar ratios 
found (Table) in the case of the bicyclic diacetals with the 
erythro and ribo configurations. While the '6/6' isomer 
(2b) has an equatorial CO 3Me group associated with its 
trans-decalin-like conformation, the '7/5' isomer (2a) must 
contain at least one anti -0--C-C-0- fragment in order to 
II accommodate the CO 2Me group equatorially. This is borne 
out by the vicinal coupling constant data computed from 
the 'H n.m.r. spectrum of (2a). Thus, anti -0-C-C-0- 
fragments do not appear to constitute a net destabilising 
influence in '7/5' isomers (a) (cf. ref. 6). Such a conclusion 
is also consistent with the results of studies 7 on the positions 
of the configurational equilibrium between cis- and rrans-2-
isopropyl-5-methoxy-1,3-dioxant in 17 different solvents 
which indicate a small preference for the anti-arrangement 
of vicinal oxygen substituents. 
When the '6/6' isomers (b) have to carry one (arabino) 
or two (galacto) axial CO,Me groups in trans-decalin-like 
conformations then their contribution to the isomeric 
equilibrium decreases dramatically and '5-5' isomers (c) are 
formed in addition to '7/5' isomers (a). Conformational 
constraints imposed upon dimethyl 2,5: 3,4-di-0-methylene 
galactarate (4a) by the CO,Me groups dictate that it must 
assume a gauche-gauche conformation, a fact confirmed by 
'H n.m.r. spectroscopy. In this situation, the '5-5' isomer 
(4c) is found (Table) to be more stable than the '7/5' 
isomer (4a). 
We are led to the conclusion that there is no evidence for 
the gauche arrangement of the vicinal oxygen substituents 
bein'g a stabilising feature in any of the compounds discussed 
in this communication. 
(Received, 5th August 1974; Corn. 995.) 
t This is probably the most suitable model system available at present with which to compare the conformational behaviour of the 
'7/5' isomers (a). 
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Configurational Equilibria in 2,4 -Disubstituted - y- Butyrolactones 
By S. A. M. TAYYEB HUSSAIN, W. DAVID 01.LI5,*  CHRISTOPHER SMITH, and J. FRASER STODDART 
(Department of Chemistry, The University, Sheffield S3 7HF) 
Summary Equilibration studies on seven 2,4-disubstituted- RECENTLY, we established' the constitutions of the natural 
y-butyrolactones indicate that the cis-isomer is thermo- products, rubrenolide and rubrynolide, isolated from 
dynamically more stable than the trans-isomer in all cases. Nectandra rubra (Lauraceae). In order to investigate the 
relative configurations associated with the Iactone rings in 
J.C.S. CHEM. COMM., 1974 
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these compounds, it became necessary to synthesise some 
model 2,4-disubstituted-y-butyrolactones by stereoselective 
routes and examine their base-catalysed equilibration. 
TABLE 1 
Stereoselective hydrogenation. (Pd-BaSO 4) of 2,4-disubstituted- 
4-hydroxybut-2-enoic lactones in ethanol. 
	
Lactone 	cis-Isomer 	trans-Isomer Isomer ratio 
R' 	R' M.P. 	M.P. 	(cis : trans) 
Me Me (1) 	Oil Oil 98:2° 
But But (2) 87_880b 	66-680 	>99: <1 6 
Ph Ph (3)& 	105_.107°c 68-69°" 88:12f  
Ph Me (4) Oil 	 Oil 	 84:16f  
Pd-C catalyst. b  Ref. 3. C Ref. 9. d Refs 8 and 9. ° By 
g.l.c. 'By 'H n.m.r. spectroscopy. 
Compounds (1),' (2),' (3),4 and (4)5  were prepared by 
known routes. In all cases, hydrogenation over a pallad-
ium catalyst yielded preferentially (Table 1) one isomer of 
the corresponding 2,4-disubstituted-y-butyrolactones. 
Assuming that the catalytic hydrogenation of the fl-un-
saturated lactones, (1)-(4), proceeds from the least 
hindered side of the carbon-carbon double bond, the major 
isomer obtained after each reduction was assigned the cis 
configuration. 
Mixtures of cis- and trans-isomers of (5) ,6 (7),70 (8)," 
(9),50 (10),t and (11)t were obtained by known routes. 
Separation of isomers was achieved by preparative g.1.c. in 
the case of lactones (5), (9), (10), and (11), and by silica 
gel chromatography in the case of lactones (7) and (8). Our 
assignment (Table 1) of configuration to the two isomers of 
2,4-diphenyl-y-butyrolactofle (7) agrees (cf. ref. 9) with that 
originally proposed by Johnson, Lowry, and Riggs' on the 
basis of 'H n.m.r. vicinal coupling constant data. 
TABLE 2 
Base-catalysed equilibrations (ButOH-Bu'OK) of 2,4-disub- 
stituted-y-butyrolactones at 25°. 
Lactone Isomer ratio 
R' R' n (tra s : cis) K kcal mot-' 
Me Me (5) 44:56 1.27b -014 
But But  (6) 12:88 7.33b -1'20 
Ph Ph (7)° 40:60 1.500 -024 
Ph Me (8) 42:58 138 0 -019 
Et Et 	(9) 43:57 1.33b -017 
Et Me (10) 49:51 1.04b -0002 
Bun Me (11) 42:58 1.38b -019 
Equilibrated in CCI47..Et,N. b  By g.l.c. CBy 'H o.m.r. 
spectroscopy. 
Base-catalysed equilibrations were performed on all 
seven pairs of isomers. The results (Table 2) indicate that 
the cis-isomer is always favoured thermodynamically over 
the trans-isomer. The substituents on C-2 and (>4 in the 
case of the cis-isomers can assume quasi-equatorial orienta-
tions in an envelope conformation in which the C-C(0)--O-C 
group is planar;" in the trans-isomers one of the substituents 
must be quasi-axial in such an envelope conformation. 
Our observations should be compared with the exclusive 
configurational preference for the cis-isomers in the more 
highly flexible 2,4-disubstituted-1,3-dioxolans" on acid-
catalysed equilibration with their trans-isomers. 
(Received, 6th June 1974; Corn. 645. 
2 	R1 
HX>° 
(R R2= Me 
R'= F& But 




(So) - R1 :R2 Me 
(Ba) R : R2 B ut 
(7a) R1 :RPh 
(So) R 1 :Ph;R 2:Me 
(9o) R 1 :R2 Et 
(10a)R1 :Et;R 2 :Me 
(lla)R':Bu"g :Me 
(5 b) RR2:Me 
(6b) R= R2 But 
(7b) R':R 2:ph 
(8b) R1 :Ph )R 2=Me 
(9b) R'R2 Et 
(lOb) R 1 : Et.
' 
R2= Me 
(ub) R 1 : Bu,R 2 Me 
f We thank Professor C. Szantay for providing us with these samples. 
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Conformational Studies on Aza and Thia Derivatives 
of 12,13-Dihvdro-I IH-dibenzo[a.e]cvclononene 
By W David 011s and J. Fraser StoddarrVJ 
The recognition"- 2 ' that many heterocyclic 6. 8, 6" systems 
(1) exist in solution in diastereomeric Chair 133 and Boat''' 





(2a), X = CR 2 
4a (2b). x = NCH 3 
9LLX 	(2c), X = NCH2C 6H5 
ID 	 II (2d). x = S 
The N-benzyl derivative I 2-benzyl-1 2.1 3-dihydro-1 1 H-I 2-aza-
dibenzo[a,e]cvclononene (2c) (m. p.  109-111 °C) was pre-
pared following the known route 141  to the N-methyl derivative 
(2b) using a Stevens rearrangement followed by a Hofmann 
elimination. The thia derivative (2d) (m. p.  101-103°C) was 
synthesized by the sequence: (i) photochemical transformation 
of trans-2,2'-stilbenedjmctlianol' 5 ' into the cis-isomer (m.p. 
113-114 *C), 00 conversion with PBr 3  into the eis-22'-bis(bro-
momcthyl)stilbene (m.p. t25-127'C). and (iii) ring closure 
with Na 2 S—MeOH to (2d) (m.p. I01103vC) . 
The temperature-dependent 'H-NMR spectra (Table I) shown 
by the aza derivative (2h) are typical for this class of substances 
[°J Prof. Dr. W. D. 011is and Dr. J. F. Stoddart 
Department of Chemistry. The University 
Sheffield S3 711F England} 
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Chemical shifts (t) [a] 
Coupling constants [Hz] 
Sites involved 
in exchange [a] 
+ 
[kcal/mol] 
Process Relative Populations 
Pi 	P2 
(2b) N-methyl -30 7.62 (A), 7.70 (B) 
+68 7.64 (AB) A-.B 15.4 C-.Boat 0.905 0.095 
I1-Cl-I 2 , 13-CH 2 -30 5.82 (Al), 6.22 (B 1), J = 13.9, 6.23 (A82) 
+30 5.86 (A 12), 6.26 (B 12), J= 13.9 Al-'A2; B1-.B2 15.9 C-.Boat 0.905 0.095 
• +68 6.12 (ABI2) AlBl 16.3 CsC' 
(2e) N-2-benzyl -20 6.23 (A). 6.48 (B) 
+45 6.28 (AB) A-B 14.9 C-. Boat 0.86 0.14 
11-CH 2, 13-Cl-I 2 -20 5.84 (Al2), 6.08 (812), J= 13.9, 6.17 (AB2) Al-.A2; 81-.82 14.9 C-.Boat 0.86 0.14 
+45 6.08 (ABI2) AlsBl 16.1 CsisC' 
(2d) I l -CH 2, 13-CH 2 -10 5.93 (Al), 6.34 (BI), J= 14.2 
- +40 6.16 (ABI) AlBl 15.5 CerC* 
[a] Sites are designated (A) and (B) for uncoupled two-site systems: sites that represent two time-averaged signals are designated (AB). Sites are designated 
(Al). (ill). (A2), and (82) for four-site systems where there is coupling in the form of two AB systems. Sites that represent two lime-averaged signals are 
designated (AB I) [average of(AI)and (B I)] and (Al2) [average of(AI)and )A2)] etc. 
and demonstrate that two diastereomeric conformations are 
Populated in solution. M low temperatures the I l-CH, and 
13-CH 2  protons give (i) an A B §ystem assignable to a relatively 
rigid éonformation and (ii) a singlet associated with a rapidly 
inverting conformation. Increase in temperature results first 
of all in a coalescence of the AB system and the singlet 
followed by further coalescence finally yielding a sharp singlet. 
The two processes [(2b), see Table lAG' = 15.4-15.9, and 
16.3 kcal/mol, respectively] have been subjected to line shape 
analysis [ 1 1 
Conformational analysis and strain energy calculations direct 
attention to five particular conformations: (I) A relatively 
rigid chair conformation [C. (3). Cv symmetry], (2) a boat con-
formation [B, (4), C. symmetry], (3) a twist-boat conformation 
[TB. (5), C 2 symmetry], (4) asymmetric distorted-boat confor -
mation [DB. (6) and (7)], and (5) a transition state conforma-
tion [TS. (8), C symmetry]. Strain energy calculations demon-
strate that the C (3) and DB conformations [(6) and (7)] 
correspond to ground state conformations. The conforma-



























TS 	I 	 I 	TS* 
B B'5 
' TS 	j TS * 
DB1 "-TB -DB2'5 
Fig. I. Conformational changes in the hetero derivatives (2h)- 2i!.t of 
12.1 3.dihydro. Ii H-dibenzo[a..-Jcyctononene 2a.i. The notation [I] for tor-
sional anglcs refers in turn to the 13a-13.  13.12, 12-I1. 11-10a. 6a-6. and 
5.4a bonds. 
DBI, D132 and their enantiomeric or degenerate partners 
C, DBI, DB2*)  with the transition states (B, TB, TS, and 
B*, TB*, TS*).  This is the general situation for compounds 
(2b)-(2d) (Fig. 1). 
Strain energy calculations show, that the DB conformations 
[(6) and (7)] lie between  16 t the B (4) and TB (5) conforma-
tions on the pseudorotational itinerary associated with all 
the Boat' 31 conformations of the flexible boat family. The 
identification of the two ground state conformations [observed 
in the low temperature 'H-NMR spectra of the aza derivatives 
(2b) and (2c)] as C and DB illustrates the importance of 
evaluating temperature-dependent 'HNMR spectra with col-
lateral strain energy calculations. There is a satisfying correla-
tion between the results observed for the two aza derivatives 
{(2b) and (2c)]. The N-methyl protons in (2b) and the i-pro-
tons of the N-benzyl groups in (2c) provide additional NMR 
probes and good agreement (Table 1) is attained for the 
C-uBoat interconversions using two independent means of 
measurement. 
Conformational analysis of the thia derivative (2d) in associa- 
tion with strain energy calculations showed that the non- 
bonded interactions between -5- and -CH=CH- would 
destabilize the DB conformation with respect to the C confor- 
mation (3) by 4.8kcal/mol. Its 'H-NMR spectrum showed 
(Table 1) that only the C conformation (3) was observably 
populated. The observed free energy of activation 
* = 15.5 kcal/mol) for C±C*  inversion is in very satisfying 
agreement with the calculated strain energy difference 
(16.1 kcal/mol) between the C (3) and TS (8) conformations. 
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For example, for the thia derivative (2d). 4,= +48 and itt,..= _95 
in the DBI conformation (6). 
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Conformational Studies on Aza and Thia Derivatives 
of 6,11,12,1 3_Tetrahydro-5H-dibenzo [a,e]cyclononene 
and 5,6,7,12,1 3,14- Hexa hyd rod ibenZO[af]cyclodecene 
By IV. Darid 011is and J. Fraser Stoddart" 
The examination 111 of the conformational behavior of the 
nine-membered ring olefins (I) has been extended to include 
the corresponding "6,9,6" systems (2) and "6.10,6" systems 
(3). In comparison with compounds of type (1), compounds 
(2) and (3) show a completely different kind-of behavior. 
to 	11 	13 	1 
(Ia), X = NCH 3 (2a). X =NH 
(ib), x = NCH 2 C 6 FI 5 (2h), X = NCH 3 
(Ic), X = S X = NCH 2C 6H 5 
x = NCOCH3 
(2e),XS 
(2f), X = SO2 
I 	 3 
3 
iote Lj. tsjJ (1Li 
(3a), X = NC113 '' 
(3b), X = NCH 2 C 6H5 (4a), Y = Br 
(3c), X = S (4b), Y = OH 
(3d), x = s02 
The compounds (2a)—(2f) were prepared by standard 
methods (cf. Ref. [2]) from 1,2-bis(bromomethyldiphcnyl)eth-
anet 3 t. Similarly, the dibromide (4a) (m.p. 125-127°C), pre-
pared (PBr 3) from the diol (4b)' 41 gave the compounds (3a)—
(3d). It has been stated  121  that the room temperature 'l-I-NMR 
spectrum of the secondary amine (2a) indicates that this 
compound has "a freely rotating ring system". We can be 
rather more explicit in our description of the conformational 
properties of the "6,9.6" systems (2) on the basis of the 
following results (Table 1). 
with either homotopic or enantiotopic' 5 ' I 1-CH 2 and 13-CI -12 
groups. This requires that the observable ground state confor-
mation must have either C, or C symmetry. A decision between 
these two possibilities is provided by the I l-I-NMR spectrum 
of the N-benzyl derivative (2c), where below - 50'C.  the 
-henzyl protons are demonstrably diastereotopict 51 . 
Clearly, the ground state conformation must have C 2 symme-
try leading to either a C2 chair (5) or a C 2 twist-boat (6) 
as the only two possibilitiest' 1. Discrimination in favor of 
the C 2 chair (5) as the preferred conformation for the "6.9.6" 
systems (2) was shown by strain energy calculations on the 
sulfide (2e) 171 . Extrapolation to the other cases is justifiable. 
Q~Z_ 
C 2 -chair (+--+-+-) 
C 2 -chair4 (-++-+-+) 
(5) 
6 
C 2 -boat (-i---++-+) 	 C 2 -chair (-++-+--+) 
C ac h ai r*(++_++) 
(6) 	 (7) 
We conclude that the magnitudes (AG =9.8-11.3 kcal/mol) 
of the free energies of activation for the ring inversion process 
(C 2 chair C 2 chair*) for (2b)—(2e) are entirely in accord 
with a process involving torsion about single bonds. This 
is in contrast with the much higher values" (G = 15.5-
16.3 kcal/mol) for the olefinic "6,9,6" systems (ia)—(Ic) 
where angle strain is undoubtedly an important contribu-
tor in the transition state. The relatively high value 
(G = 13.7 kcal/mol) for the sulfone (2f) is mainly due 
Table I. Properties, 'H-NNIR spectral parameters 1100 MHz) in CDCI,—CS, 11:1), and free energies of activation 
for ring inversion (C2 chair 	C2 chair*) in the compounds of type (2) and (3) (T = coalescence temperature. v 5 - V5 =dif- 
ference of the chemical shifts of H' and H 5 protons). 
Corn- M. P. Group VA — VU Jsii T AG * at 1; 
pound [ °C] 	. [Hz] [Hz] [K] [kcal/mol] 
(2b) 63-65 I l-CH,, 13-C H 2 20.5 13.5 214 9.8 
(2c) 108-110 N-2-benzyl 68.0 [a] 12.5 [a] 217 [a] 10.4 [a] 
(2d) [b] 143-145 I l-CH,, I3-CH, [c] 230.0 13.5 215 9.8 
- 76.0 14.5 208 9.9 
(2e) ItO—Ill I I-CH,, 13-CH, 25.8 13.5 231 11.3 
(2f) 220-221 11—CHI, 13-CH Z 23.1 13.8 288 13.7 
 oil [d] 12-CH2, 14-CH, 75.4 13.5 227 10.8 
 95-97 N--benzyI 53.6 12.5 231 11.1 
12-CH2, 14-CH 2 68.6 13.7 237 11.3 
 103-104 12-CH 2, 14-CH 2 74.0 14.8 223 10.6 
 239-240 12-CH 2, 14-CH 2 112.0 14.3 277 13.1 
[a] Spectral parameters for the 11,11.13.13-telradeuterio derivative since the protons H 1 ' and H 	resonate with 
almost the same chemical shift as the N--benzyl protons. 
(b) In CS2. 
The I l-CH, and 13-CH., groups in the amide are diastereotopic [5], and hence give rise to two AB systems. 
because of slow amide bond rotation in the temperature range where ring inversion is observed )cf. Ref. [10]). 
B. p.  120-130°C at 0.05 tort. 
At low temperatures, the 'HNMR spectra of the compounds 
(2b), (20, (2e), and (2f) show a single AB system associated 
[] Prof. Dr. W. D. 011is and Dr. J. F. Stoddart 
Department of Chemistry. The University 
Sheffield S3 71IF (England) 
to the much larger steric requirements of the SO 2 group 
in a torsional process. 
The "6,10,6" systems (3) show entirely analogous behavior 
(Table 1). Compounds (3a), (3c). and (3d) all exhibit sharp 
singlets for their dioxymethylene protons at low temperatures. 
730 	 ..4ngew. Chem. internat. Edit. / Vol. 13 (1974)1 No. 11 
This observation is consistent with conformations having C 2 
symmetry. For the N-benzyl derivative (3b) two AB systems, 
one for the 12-CH, and 14-CH 2 ring protons. and the other 
for the x-benzyl protons, are observed at low temperatures. 
Thus, the ground state conformation must have C 2 symmetry. 
The 'H-NMR spectral changes (Table I) indicate that inver-
sion involving one observable conformation is clearly taking 
place and the ground slate conformation which has been 
selected is the C 2 chair (7)181.  Strain energy calculations have 
not been carried out because of the problems presented by 
several heteroatoms. However, the C 2 chair conformation 
(7) matches that selected by conformational analysis for 
mdnocyclic cis-cis- I ,6-cyclodecadiene derivatives' 91 . 
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Conformational Studies on Oxa, Thia, and Aza 
Derivatives of 7,8,13,1 4-Tetrahydrobenzo[ 1 ,2]cvclo- 
nona [5,6,7-de]naphthalene and 8H, 15H-7, 1 6-Dioxa- 
cyclodeca [1 ,2,3-de: 6,7,8-d'e']dinaphthalene 
By David J. Brickwood, W. David 011is, and J. Fraser Stoddart ['1 
Recent results on the definition of the conformational behavior 
of hydrocarbons and heterocycles belonging to the "6.8,6' 
(/)It.21, "6,9,6" (2)1341,  and "6,10,6" (3)141  systems by vari-
able temperature 'H-NMR studies and collateral strain energy 
calculations have encouraged the development of various com-
plementary studies. These include the synthesis and examina-
tion of compounds (4) and (5), in which an or:/to-alnelated 
benzene ring of (2) [cf. also (1) and (3)] is replaced by 
a peri-annelated naphthalene residue. 
U-1~X— NV)o occ 





!X 	X 1 
	
II 	12 
Ii ..." 	 '.. 
I 
. 	 V 	Y ii 
9IIII1i1Ji4 	- 
ICH2 C 11 2" 5 '' 	 -;p 2 
7X 	X16 (4a), R = FL; 	X = C 11 2; V = CF1 2 
(4b);R=11; 	XO; YC!1 2 
(4c),RMe; 	XO; YCH2 
(6a),X = CH2 
R = It; 	X = S; Y = C112 
(6b), > 	= 0 
R = Me; 	X 	S; V = CF!2 
R = H; 	X 	NMe; V = Cl! 
(49), R = H; 	X = NTs; V = CF!2 
(5),1111; 	XCH 2 ; VO 
In the heterocycles (4b), (4c). (4f'), (4g), and (5), we have 
observed (Table I) an AB system at low temperatures for 
the ring methylene protons which coalesces to a sharp singlet 
at higher temperatures. This observation may be interpreted 
(Fig. I) in terms ofa ring inversion process involving conforma-
tions in which the methylene groups are related either by 
C5 symmetry [chair C (7) or boat B (8)] or by C2 symmetry 
[twist-boat TB (9)]. Conformational analysis indicates that 
the pen-interaction between the methylene groups of the ring 
in the C (7) and B (8) conformations in compounds (46)-
(4g) is particularly large. This steric interaction is partially 
relieved in the TB conformation (9). the principal nonbonded 
interactions in (4b). (4c). (4fi. and (4g) are between the 
methylene. groups of the ring and the heteroatoms (X = 0. NR'). 
We therefore propose that the TB conformation (9) is the 
ground state conformation observed and that ring inversion 
involves a TBTB 8 pseudorotational process (Fig. I). Three 
observations support this proposal: (i) The magnitude of 
the chemical shift differences (vA—yB)  for the 7-CH, and 14-
CH 2 protons is found (Tables I and 2) to depend significantly 
upon the nature of the ring heteroatoms. There are a number 
Table I. 'H-NMR spectra! parameters (100 MI -Iz) and free energies of activation for ring inversion (TBTR') in 















AG '  at 1, 
[kcal mol] 
(4b) [a] 125-127 CDCI3—CS! (1:4) OCH2 33.0 II.! 194 9.5 
(4f) 100-102 CDCI 3 NC!!, 241.0 14.0 303 14.0 
(49) >320 CDCI J NCII 2 87.0 13.0 330 15.9 
(5) 125-126 CDCI—CS. (1:2) 0C112 32.0 10.7 199 9.7. 
(66) 214--215 CDCI3—CS2(2:1) OCH2 28.6 10.0 212 10.4 
[a] The singlet for the aryl methyl group in the 10-methyl derivative (4c) Imp. 120-121 CI remains sharp down to 
- 100 2 C. thus indicating the absence of exchange between diastereomeric conformations. 
['] Dr. D. J. Brickwood, Prof. Dr. W. t). 011is. and Dr. J. F. Stoddart 
Department of Chemistry. The University 
Sheffield S3 71 IF (England)  
of examples' 5 ' of van der \Vaals interactions between hetero-
atoms and proximate protons which lead to deshielding of 
the proton involved. The expectationt°t that the desiiietding 
Angess'. Chetu. internal. Edit. / I'l. 13 (1974)1 No. 11 	 . 	 731 





Solvent 	Group T 
[CC] 
Chemical shifts (r) [a] 









 195-197 CDCI 3 :CS 2 	SCH 1 -51 4.51 (Al), 5.72 (BI) [b]. J 12.0 
(2:1) 5.15 (A2),.5.53 (112), J 14.0 
Al-.A2. 
BI -B2 13.3 TB-'C 0.86 	0.14 
-33 4.50 (A 12), 5.73 (012), J 12.0 
+37 5.12(ABI2) AlsBl 13.7 	. TB±TB 
 272-274 CDCI 3 	ArCh 3 -55 7.62 (A), 8.08 (B) A-.B 12.6 C-TB 0.80 	0.20 
+30 8.01 (AB) BA 13.2 TB-C 
Sites are designated (A) and (B) for uncoupled two-site systems: sites that represent two time-averaged signals are designated (AB). Sites are (Al). (Bi). 
(A2), and (B2) for four-site systems where there is coupling in the form of two AB systems. Sites that represent two time-averaged signals are designated 
(ABI) [average of(Al) and (01)] and Al2 [average of(A1) and (A2)J etc. 
vA, -vB I = 121 Hz. 
influence of heteroatoms will be related to their polarizabilities 
is also fulfilled by the data recorded in Tables I and 2; (ii) 
when the heteroatoms are both sulfur as in (4d) and (4e), 
then transannular nonbonded interactions with the methylene 
groups of the ring destabilize the TB conformation (9) suffi-
ciently to permit the observation of approximately 20/ of 
a second conformation at low temperatures (Table 2). This 
minor conformation is presumably the C conformation (7); 
(iii) the fact that the free energies of activation for the di-
thionins [(4d) and (4e)] and diazonins [(4f) and (4g)] are 
larger than those for the dioxonins {(4b) and (4c)] is consis-
tent with the pseudorotational process shown in Figure I, 
where the folded-boat (FB) conformations [(JO) and (11)] 
correspond to the transition, states. The main component of 
strain in these FB transition states must arise from nonbonded 
interactions between the methylene groups of the ring and 
the heteroatoms (X = 0, S. NR'). 
C 
- 	Y—_/--X X, X-C 
- Yx 	 Y  
C (-+'-+-+) 	B (-++--+) 	TB  
B*(+++_) 





X ::cIIIi; 	N 
	
FBI (0-+0-+) 	 FB2 (+-0+-0) 
FBI* (0+-0+-) - FB2*(+0+0) 
(JO) 	 (II) B 
- 	 /  
FBI 	
FB2* 
/ 	 TB* 
TB . 
FBI *  FB2 
B* 
Fig. I. Conformational changes in compounds (4b), (4c), (4f), (4g), and 
(5). The notation [I] for torsional angles refers in turn to the 6a-7, 7-8. 
8a.8, 12a- 13, 13.14, and 14-14a bonds. 
Similar considerations of chemical shift differences between 
the diastereotopic methylene protons (H and H 8 ) and the 
values of the free energies of activation for ring inversion 
(Table I) in the dioxonin (5), and in the dioxecin (Ob), 
also lead to very similar conclusions. The, conformational 
itinerary of compounds (5) and (6b) also involve ring inver-
sion (TB±TB*) between enantiomeric twist-boat conforma-
tions. 
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(T,, =4.43, t jfl =6.02, T,, =4.61, t,,=6.18, T,,= 5.53. and 
T 113 = 5.99: J8 = A 1 1' =J33 =9.0 Hz) for the methylene 
groups at - 106 C were identified by homonuclear INDOR 
spectroscopy t 41 . Thcv coalesced to a sharp singlet (T = 5 . 5 1) 
at - 36'C. This observation indicates that the ground state 
conformation has C symmetry and examination of models 
suggests that the molecule (6) adopts the helical conformation 
(Scheme I). 
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The Conformational Behavior of 6H, I 2H,18 H-5, 11,17-
Trithiatribenzo [a ,e, i] cyclododecene 
By W David 011is. J. Fraser Stodclart. and Michael Nóqtshli[ 1 
The trisalicylides (1)-(3) ( ", the hydrocarbon 
(4)121, and 
its hexamethvl derivative (5)121 are conformationally mobile 
in solution. Studies 11.21 on these compounds sugges'. that the 
barrier heights for conformational changes in the twelve-mem- 
bered rings depend on the nature of the substituent atoms 
or groups at the ariho positions of the aromatic rings. Since 
the hydrocarbon (4) is a rather inconvenient molecule to 
study by NMR line shape methods due to the complexity 
of the H-NMR spectrum of its CH ­04, groups. we have 
prepared the trithia analog (6). m. p. 197-198'C, by reaction 
of 2-(chlorornethyl)thiophenolt 3 ' with sodium hydroxide in 
methanol, in order to investigate a molecule where the or(/io 












(I), 1 = R  = CH, 	 (4), Ft = H; X = CF! 2 
Ft' = C11 3 ; R2 = CFt(C11 3 ) 2 	(5), R = C113; X = CT-I2 
It' = Cl1(CH3 )2; Ft2 = C113 (6), Ft = H; X = S 
The 'H-NMR spectrum of this heterocy c l ic compound (6 
in CS, showed temperature dependence. Three AB systems 
[] Prof. Dr. W. 1). 011is and Dr. J. F. Stoddart 
Department of Chemistry. The tjttiversitv 
Sheffield S3 7111 (England) 
Dr. NI. Nógrzidt 
Institute of Organic Cheintstr 
Tech nieci I U ii versit v 	. 






Scheme I. Helix 	H e li x * ins ersions required to exchange the six methIcne 
protons xc tb six different sites. If (Scc). (Oc-. and (Sc) correspond to Helix 
then (6h). (ócI). and (6)) correspond to Helix*. 
The rate constants for H e lixHelix* inversion at different 
temperatures were determined by comparing the observed 
'H-NMR spectra with theoretical spectra generated by line 
shape equations suitable for a six-site exchange process 
between H. H 13. H 1 , H 1 .. H(;, and 1-1 11 . Inspection reveals 
that there are four ways in which three AB ssteins can be 
assigned to the pairs of sites represented by I. 2. and 3. 
The density matrix approach was used to examine the 
exchange process (7). Attempts to perform line shape anal-
yses indicated that only the program constructed on the 
basis of the depicted exchange process provides good matches 
between computed and experimental spectra over the entire 
temperature range. 
A2 143 
Al Bi (7) 
%A3 c=  142 
Thus, like the hydrocarbon (5)l2I,  the trithia compound (6) 
exists'in the helical conformation in solution. However, the 
[q U: 1). OtHs and 1. 0. Stvt (icr/wi!. Chem. Comm. 1966. 402:.A. P. I3ocricinq. 
ii: D. 0/us, and 1. 0. SuIIic'rlciczc(. Chew. Comm. 1957 1 7 I: .4. P. Dciciisitg. 
U: D. 01Ii.s, 1. 0. Siitltc'rJciiccI. J. .'c!ii.sott. and S. F. .ticmiit. Chew. Comm. 
1965. 329: ,4. P. Down ing. it: D. OlILs. and I. 0.Scit/terlccul. J. Chem. Soc. 
B 1970. 24. 
[21 D. J. BrickicoisI. lt I). 011is. and J. F. Siocichcrt. J. C. S. Chew. Comm. 
1973. 635. 
G. u: Starr. F. tE liflctc'scusa. and T F. ItcilIitc'r..I. Org. Chew. 30. 
4074 (1965). 
We thank Mr. A. G. Ferriije. Wellcome Research Laboratories. Beckett-
ham. Kent, For obtctmng this result. 
J. 1. Kaplan. J. Chew. i'hvs. 25. 275/ 955): 29. 462 (1955): S. .4lexcittcic'i. 
ibid. 37. 967 (196 1 ): 3N, 1 7S7 (1963): 40. 274 I 	19641: ('.5. Jc,/t,tscitt. ibid. 
41. 3277 (964): Adv. M:ign. Resonance 1.33 (965): .1. Niagn. Resonance 
1.95 (1969). 
168 	 . 	 . 	 .Iitq.'ir. ('I'm. imttc'ritcit. Edit. 	liii. 14 1I975) 	.\cm. 3 
Helix 	Heli x * inversion barrier is very much lower for (6) 
(G 11.=9.3±0.2 kcal mol) than for (5) (G 11 .= 17.1 
kcal mol - l). We believe there are two principal reasons for this 
difference: (i) the absence of methyl substituets in the orilio 
positions of the aromatic rings, and (ii) conjugative stabiliza-
tion between the lone pairs on sulfur and the it system of 
the benzene rings in the inversion transition state. 
Received: November 13. 1974 [Z 127a I E] 
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The Synthesis and Conformational Behavior of 
N,N',N"-Trirnethvltrian(hranilide 
By W David 01/is, Jennifer A. Price, Julia Stephanidou 
Ste phanatou, and J. Fraser Stoddartt' 
Although dehydration of salicylic acid and its alkyl-substituted 
derivatives has been known1 
I I for over twenty years to yield 
both disalicvlide and trisalicylide derivatives (1). the only 
anhydro derivative of anthranilic acid which has been 
reported' 2 ' is dianthranilide. We now wish to report the syn-
thesis of N.iV',N"-trimethyltrianthranilide (3) and discuss its 
conformational behavior in solution. 
Treatment of  suspension of methyl N-anthraniloyl-N-methyl-
anthranilate (4)131,  m.p. 104-105C (88-89'C (3  1 ) in lithium 
hydroxide solution with o-nitrobenzol chloride in benzene 
afforded the o-nitrobenzoyl derivative (5) (74 "',, needles. m. p. 
182-----184'C). Conversion into the N,N'-dimethvl derivative 
(6) (87%, rn.p. 204-206 ° C) with methyl iodide and sodium 
hydride in dimethyl sulfoxide was followed by titanous chloride 
reduction 141  of the aromatic nitro group. De-esterification was 
effected by LiOH: the free acid (7) (78' V.) polymerizes on 
heating. 
- 	 . 	 c.0O2CH3 	
FTZ O4Q 
. 	 c3R2TC 
(I), x = Y = 0 	 (4) 	 (5), it' = C113; R  
X NH; Y = NCFI 3 	 z = NO2 
X = Y = NC 113 	 . 	 (6), it' = R2 = Cl-I3; 
Z' No, 
(7) Ri = it; R2  = Ci13 
Z=N112 
Cyclization was achieved by treatment with dicvclohcxvlcar-
bodiimide in dichioromethane to give isomer X (54, m. p. 
182-l84°C: r(-I1. 1 =6.90 and t 111,=7.29 in CDCI3) of 
N,N'-dimethvltrianthranihde (2). Quantitative conversion 
into a second isomer Y (m. p. 251-254°C: 'r 1111 . 1 =6.73 and 
TCIi(111 =  6.83 in Cl)C1 3 ) of( 2) was observed on heating isomer 
X under reflux in ethanol (3h). Methvlation (CI - 131: NaFI 
CH 3SOCH ) of both isomers (X and Y) gave the same corn- 
[] Prof. Di'. W. I). 011k, J. A. Price. J. S. Sicphanaiou and Dr. J. F. 
Stoddari 	 . 	- 
Department of ('heniistr . The U n i versity 
Sheffield S3 7111- F ucla rid) 
Pound, N,N'.N"-trimethyltrianthranilide (3) (in. p. > 320'C) 
on recrystallization from chloroform/ether/light petroleum 
(b. p. 60--$0°C), in 57;/ , and 76% yields, respectively. 
When a 1 H-NMR spectrum of compound (3) was recorded 
inimediately' after the crystals had dissolved in CDCI 3 . three 
equal intensity singlets integrating for three protons each were 
observed at t=6.67, 6.79, and 6.87. After a few minutes a 
fourth singlet began to appear at t=6.51. At equilibrium, 
the ratio of the peak areas for these singlets was 





Ctt 3 (D) 
(8), Ftelix 	 (9), Propeller 
On examination of molecular models, and by analogy with 
the conformational behavior15' '' of the trisalicvlides. the spec-
tra of compound (3) can be rationalized in terms of two 
non-planar conformations, the helix (H) (S) with C i symmetry 
and the propeller (P) (9) with C3 symmetry, '.s hich retain 
trans-arnide linkages between the three aromatic rings and 
which are interconverted by torsion about the Ar-N)Cll 3 ) 
and Ar-CO single bonds. The interconversion between the 
H and P conformations. (5) and (9), and their enantiorners 
(denoted by H*  and *) involves the following equilibrium: 
PH H *p* 
Thus, it may be concluded that N .N'.\'-trimethyltrianthrani-
ide (3) crystallizes in the helical conformation (5). In solution, 
this conformation is in equilibrium with it small amount 15.5 ,) 
of the propeller conforrnaton (9). This finding is to be com-
pared with (i) the observation 15 ' "I that tri-o-thvrnotide exists 
in a propeller conformation in its crystalline clathrate com-
pounds, and with (ii) the observation 5 ' that in all of the 
trisalicylides examined to date the propeller conformation 
is energetically preferred in solution. 
The 'H-NM R spectrum of (3) in nitrobenzenc showed temper-
ature dependence: the four singlets coalesced to a broad singlet 
at + 215'C.  Comparison of the observed 'H-NMR spectra 
with the theoretical spectra generated by line shape equa-
tions' 1 based upon a four-site exchange process between 
CH 3(A). CH 3(B). CH 3(C). and CH,4D(gave AGii.11=21.6 kcal 
rnol_i and AGI ,* =24.4 kcal inoL '. The difference in free 
energy of 1.9 kcal mol - between the two conformations 
at + 63'C indicates that the transition states for PH inter-
conversion and 1lH*  inversion must be very similar in 
their energetic demands. 
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Isomerism in Bicyclic Diacetals. Part I. 1,3:2,4- and 1,4:2,3-Di-0-
methylene-erythritol 
By Ian J. Burden and J. Fraser Stoddart,' Department of Chemistry, The University, Sheffield S3 7HF 
Acid-catalysed methylenation of erythritol affords 1.3:2.4- and 1.4 :2,3-di-O-methylerie-erythritOl and a small 
amount of 1,4-anhydro-2.3-0-methylene-erythritol. Constitutional assignments have been made to the diacetals 
on the basis of their 'H n.m.r. and mass spectra. Deuteriation studies and the lanthanide shift reagent. Eu(fod),, 
have been employed to investigate the conformational behaviour of the 1.4 :2.3-diacetal in solution by 'H n.m.r. 
spectroscopy. Acid-catalysed equilibration of the 1.3:2.4- and 1.4 :2.3-diacetals indicates that there is a free 
energy difference of 1-37 kcal mol 'in favour of the former at room temperature. The significance of these results 
is discussed in terms of electronic effects associated with the —O—C--C—O-- fragments as well as steric effects. 
ALDITOLS containing four or more hvdroxy-groups can 
form bicyclic diacetals when they undergo acid-catalvsed 
condensations with aldehvdes or ketones. By limiting 
consideration to those acetalations involving all the 
hydroxy-groups of the tetritols. four contiguous l,ydroxv-
groups of the pentitols, and all four secondary livdroxv-
groups of the hexitols, two categories of constitutionally 
isomeric bicyclic diacetals can be identified (Figure 1) on 
the basis of the relative configurations of the inner pair 
of hydroxy-groups in the alclitols. (i) cis-Fused 2,4,7,9-
tetraoxabicyclo[4.4.0]decane (1) and trans-fused 3,5,8,10-
tetraoxabicyclo[5.3.0]decane (2) ring systems in addition 
to a 4,4'-bis-1,3-dioxolan (3) may result when carbon 
atoms previously associated with hydroxv-groups in the 
threo configuration form the ring junctions. (ii) trans-
Fused 2,4,7 ,9-tetraoxahicyclo[4.4.0]decane (4) and cis-
fused 3,5,8, i0-tetraoxabicyclo[5.3.0]decane (5) ring sys-
tems in addition to a 4,4'-bis-1,3-dioxolan (6) may result 
f -Arabinito1 displays category (i) reactivity if the hydroxy-
groups on C-i, -2, -3, and -4 are involved, and category (ii) 
reactivity if the hydroxy-groups on C-2, -3, -4, and -5 are 
involved.  
when carbon atoms previously issociated with hydroxy-
groups in the eryiliro configuration form the ring junc-
tions. 
Examples of alditols which fall into the first category 
of reactivity are D-threitol, D-XvlitOl, D-arabiflitOl,t D-
glucitol, -iditol, and n-mannitol; examples of alditols 
which fall into the second category are erythritol, D-
arabinitol, ribitol, galactitol, allitol, and D-altfltOl. 
Bicyclic diacetals containing the cis-fused 2,4,7,9-
tetraoxabicvclol4.4.0]decane ring system are known I in 
the three, xylo, arabino, gluco, ido, and manno configur-
ational series. Acid-catalysed methvlenation of L-
threitol has yielded 2  1 ,3:2,4-di-O-methvlene-L-threitol 
(7) with a cis-fused [4.4.0 ] ring system. Although two 
conformations, which have been termed 3  the ' 0-inside 
and the H-inside,' are possible for (7), dipole moment 
measurements in benzene and 'H n.m.r. spectroscopy in 
1 J. F. Stoddart, ' Stereochemistry of Carbohydrates,' Wiley, 
New York, 1971. p.  210. 
2 R. U. Lemieux and J. Howard, Gonad. J. Chein., 1903, 41, 
393. 




deuteriochioroform have shown 2 that (7) exists pre-
dominantly as the '0-inside' conformation in solution. 
It has also been established' that the configurational 
isomer of 1 ,3:2,4-di-0-benzylidene-L-threitol with equa-








HCH 4 H 
inside ' conformation, a conclusion which is in agreement 
with experimental observation. 2 
Molecular models show 1,3  that 1,3:2,4-di-0-methylene-
DL-xyhto1 (8) ,17 2,4:3,5-di-0-methvlene-D-glucit0l (9) , 18 








R H 	 H 
R 	 R 	 RH 	
R 	 R 
'  
<:>.. p (IC> ç-5 
HR 	 R 	 R 	 R 	 R 	
R 
(1) 	 (2) 	 (3) 	 (4) (5) 	 (5) 
FIGURE 1 The two categories (i) and (ii) of constitutional isomers resulting from bicyclic diacetal formation in (i) the 
Ihreo series, and (ii) the eryt/iro series 
obtained on acid-catalysed benzylidenation of L-threitOl. 
It was argued 2  some time ago that the '0-inside' con-
formation is preferred on the basis of steric consider-
ations. There are three gauche oxygen-oxygen inter- 
actions associated with the -O---- -O- fragments in this 
conformation whereas the 'H-inside' conformation in-
'corporates three anti oxygen-oxygen orientations. The 
.conformational behaviour of molecules of the type 
R0-CH2'CH2 0R' has been the subject of numerous in-
vestigations 518 in the last few years. It has been estab-
lished that anti-gauche equilibria in solution depend on 
the nature of R and R' and also on solvent polarity. 
Solvent effects suggest that electronic factors as well as 
steric factors are important in determining the positions 
of conformational equilibria. Such considerations, how-
ever, do not alter the general conclusion 1,2 that the 
0-inside' conformation of 1,3:2,4-di-0-methylene-L-
-threitol (7) should be much more stable than the 'H- 
' A. B. Foster, A. H. Haines, and J. Lehmann, J. Chem. Soc., 
1961, 5011. 
& J. E. Mark and P. J. Florey, J. Amer. Chem. Soc., 1965, 87, 
1415; 1966, 88. 3702. 
R. G. Snyder and G. Zerbi, Spectrochim. Ada, 1967, 23A, 
:391. 
C. B. Anderson, D. T. Sepp, M. P. Geis, and A. A. Roberts. 
.Chem. and Ind., 1968, 1805. 
8 E. L. Eliel and M. K. Kaloustian, Chem. Comm., 1970, 290. 
• E. L. Eliel, Accounts Chem. Res., 1970, 3, 1. 
9° R. J. Abraham and K. Parry, J. Chem. Soc. (B), 1970, 539. 
11 E. L. Eliel, Pure Appi. Chem., 1971, 25, 509. 
'° R. J. Abraham, H. D. Banks, E. L. Eliel, 0. Hofer, and 
M. K. Kaloustian, J. Amer. Chem. Soc., 1972, 94, 1913. 
13 E. L. Eliel and R. M. Enanoza, J. Amer. Chem. Soc.. 1972, 
4, 8072.  
exist in '0-inside' conformations, as the 'H-inside' 
conformations all have axial hydroxymethyl groups 
which would have to be accommodated in the sterically 
crowded 'inside' portion of the molecule. 
2,4:3,5-Di-0-methylene-D-manriitol (ii) 20  can exist 
either in the '0-inside' conformation with two axial 
hydroxymethyl groups or in the 'H-inside' conform-
ation with two equatorial hydroxymethyl groups. 
Coupling constant data from the 1H n.m.r. spectrum of 
1 ,6-dideoxy-2,4:3,5-di-0-methylene-D-mannitol (12) indi-
cate 21 that the' H-inside 'conformation is the predomin-
ant contributor to the conformational equilibrium at 
room temperature in deuteriochloroform solution. How-
ever, when the temperature is lowered to —59°, the '0-
inside' conformation is preferred. The temperature 
dependence of this conformational equilibrium has been 
interpreted 21  in terms of the ' H-inside ' conformation 
being more flexible and thus having a higher entropy 
than the '0-inside' conformation. 
14 E. L. Eliel, Angew. Chem. Internai. Edn., 1972, 11, 739. 
16 E. L. Eliel and 0. Hofer, J. Amer. Chem. Soc., 1973, 94, 
8041. 
16 L. Phillips and V. Wray, J.C.S. Chem. Comm., 1973, 90. 
17 R. M. Hann, A. T. Ness, and C. S. Hudson, J. Amer. Chem. 
Soc., 1944, 66, 670. 
18 W. N. Haworth and L. F. Wiggins, J. Chem. Soc., 1944, 58; 
R. M. Hann, J. K. Wolfe, and C. S. Hudson, J. Amer. Chem. Soc., 
1944, 66, 1898. 
19 R. M. Hann and C. S. Hudson, J. Amer. Chem. Soc., 1945, 67, 
602. 
9° W. T. Haskins, R. M. Hann, and C. S. Hudson, J. Amer. 
Chem. Soc., 1943, 65, 67; W. N. Haworth and L. F. Wiggins, J. 
Chem. Soc., 1944, 58. 
" D. M. Kilburn, M.Sc. Thesis, Queen's University. Kingston, 
Ontario, 1969. 
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In principle, D-arabinitol could display category (i) or 
category (ii) reactivity. In practice, acid-catalysed 
condensation of D-arabmitOl with formaldehyde yields  22 
1,3:2,4-di-0-methylene-D-arabiflitol (13) in low yield,* 
and so category (i) reactivity has been observed. The 
nature of the potential conformational equilibrium 
between the '0-inside' conforniation with an axial 
hydroxymethyl group and the 'H-inside' conformation 
with an equatorial hydroxymethyl group has not been 
investigated. 
Although no trans-fused 3,5,8, 1O-tetraoxabicyclo-
[5.3.O]decane derivatives have been isolated as thermo-
dynamically stable bicyclic diacetals after acid-catalysed 




'0—inside' 	( 7 ) 	 'H — inside' 
H CHOH 	 H H CH - OH 
	
(8) 	 (9) 
H0'H2C H 
(10) 
- H 	 0 





'0—inside' 	(13) 	'H—inside' 
acetalations, a number of derivatives of 3,4-0-benzy1 7 
idene-2,5-0-methylene-D-mannito1 (14) and 3,4-0-iso- 
* Recently, one I  of us has been incorrectly attributed" the 
elaim that the 1,3: 2,4-diacetal (13) is the thermodynamically 
favoured product in this reaction. It should be emphasised that 
Zissis and Richtmeyer 11 isolated this diacetal from the acid-
catalysed methylenation of n-arabinitol in 40% yield only after 
three successive equilibrations of the same reaction mixture. Other 
products may be present in the reaction mixture under equili-
brium conditions and it is our belief that this work should be 
repeated before conclusions are drawn about the nature of the 
thermodynamically favoured product.  
propylidene-2,5-0-methylene-D-maflflitol (15) have been 
prepared indirectly. 23-25  
R 	 R 
:H 




R 	 R 
(14)a; RCHOH 	(lS)o R=CH...OH 
1. 
b; R'CH08z b;R=CH0Bz 
C; R=CH1OTs 




H 	 H 
R 1=CH;OHR2 =H 	 (18) 
or R'=H, J=CHOH 
R1 =R 2=CHOH 
Bicyclic diacetals containing the trans-fused 2,4,7,9-
tetraoxabicyclo[4.4.0]decane system have been charac-
terised 1  in only the ribo and allo series. Acid-catalysed 
inethylenation of ribitol and allitol has yielded 1,3:2,4-di-
0-methylene-DL-ribitol (16) 26 and 2,4:3,5-di-0-methyl-
ene-allitol (17) 27 with trans-fused [4.4.0] ring systems and 
equatorial hydroxymethyl groups. When our present 
investigations were initiated no cis-fused 3,5,8,10-tetra-
oxabicyclo[5.3.0]decane derivatives had been fully 
characterised. 
This paper describes results obtained from the acid-
catalysed methylenation of erythritol. The succeeding 
paper discusses some closely related findings in the 
gal.acto, arabino, and ribo series. The whole investigation 
has been the subject of a preliminary communication.  28 
RESULTS AND DISCUSSION 
Prolonged acid-catalysed methylenation of erythritoi 
afforded two of the three possible [(4)—(6); R = H] 
constitutionally isomeric diacetals shown in Figure 1. 
Both isomers are crystalline and the isomer with m.p. 
100° has been reported 29 previously (lit. m.p. 97-98 0), 
although its constitution was not determined. The other 
isomer, with m.p. 88-89°, is a new compound. A third 
non-crystalline product, isolated in low yield (7%) by 
preparative g.l.c., was characterised as 1,4-anhydro-2,3-
0-methylene-erythritol (18) by spectroscopic methods. 
*2 E. Zissis and N. K. Richtmeyer, J. Amer. Chem. Soc., 1954, 
76. 5515. 
T. Ness, R. M. Hann, and C. S. Hudson, J. Amer. Chem. 
.Soc., 1943, 65, 2215. 
Wickberg, Ada Chem. Scand., 1958, 12, 1187. 
26  J. F. Stoddart and W. A. Szarek, J. Chem. Soc. (B), 1971, 
437. 
" R. M. Hann and C. S. Hudson, J. Amer. Chem. Soc., 1944, 68, 
1906. 
7 II. L. Woifrom, B. W. Lew, and R. M. Gocpp, J. -Amer. 
Chem. Soc., 1946, 68, 1443. 
*8 1 .  J Burden and J. F. Stoddart, J.C.S. Chein. Comm., 1974, 
863. 




Constitutional assignments of the d.iacetals were based 
upon the nature of the 111  n.m.r. signals for their dioxy-
methylene protons 30 and were confirmed 31  by mass 
spectrometry. The chemical shift patterns characterise 
the topic relationships 32  between the dioxymethylene 
groups, and the magnitudes of the geminal coupling 
constants between the dioxymethylene protons are also 
diagnostic of a given bicyclic diacetal. It is well estab-
lished 3° that the geminal coupling constant for dioxy-
methylene protons in 1,3-dioxolan rings is close to 0, 
whereas in 1,3-clioxan and 1,3-dioxepan rings numerical 
values * of around 6 Hz are to be expected. 
The 111 n.m.r. spectrum of the compound with m.p. 
88-89° exhibits two anisochronous 32  AB systems with 
JAB < 10 Hz and JAB  61 Hz for the constitutionally 
heterolopic 32  dioxymethylene groups and so this isomer 
is identified as 1 ,4:2,3-di-O-methylene-erythritol (5; 
R = H). The two isochronous 32  AB systems in the 111 
n.m.r. spectrum of the compound with m.p. 1000  with 
JAB 6'0 Hz for the enantiotopic 32  dioxymethylene groups 
necessitate that this isomer be 1,3:2,4-di-0-methylene-
erythritol (4; R = H). No evidence was obtained for 
the formation of the other possible constitutional isomer, 
1,2:3,4-di-0-methylene-erythritol (6; R = H), under the 
conditions of thermodynamic control employed in this 
investigation. 
Analysis of the fragmentation patterns produced in the 
mass spectrum of the bicyclic diacetals often allow 31  a 
distinction to be made between constitutional isomers. 
The important aspects of the fragmentation pattern (see 
Experimental section) of the 1,4:2,3-diacetal (5; R = H) 
are accounted for in Scheme 1. Loss of two formaldehyde 
molecules from the molecular ion (ni/c 146) by rupture of 
three bonds gives a fragment f 1 (rn/c 86) which may 
subsequently lose a hydrogen atom to yield fragment 1 2 
(in/c 85). There are also important peaks to be found in 
the high mass range particularly at rn/c 145 (fragment 
b1/b"1) and 115 (fragment b 2/b' 4). As shown in Scheme 
1, fragments b1 and b'1 result from loss of a hydrogen 
atom from the 1,3-dioxolan and 1,3-dioxepan rings 
respectively of the molecular ion. Both these fragments 
may then lose formaldehyde to give fragments b 2 and b21 , 
respectively, with rn/c 115. A significant feature of the 
mass spectrum of the 1,4:2,3-diacetal (5; R = H) is the 
relatively low abundance of a ' half-ion' peak at rn/c 73. 
In the case of the 1,3:2,4-diacetal (4; R = H), this is the 
most intense peak in the mass spectrum (see Experi-
mental section) and arises 31  from electron shifts which 
result in the rupture of three bonds to give a stable ' half-
radical' and the 'half-ion' (h 1) at in/c 73. Loss of car-
bon monoxide from the fragment h 3 gives an ion with 
tn/c 45. Loss of formaldehyde from the molecular ion 
Geminal coupling Constants usually assume negative values; 
in this paper, however, we shall present numerical values only. 
° J. A. Pople and A. A. Bothner-By, J. Chern. Pliys., 1965, 42, 
1339; A. A. Bothner-By, Adu. Magnetic Resonance, 1965, 1, 195; 
R. C. Cookson and T. A. Crabb, Tetrahedron Lellers, 1964, 679; 
Tetrahedron, 1968, 24, 2385; R. C. Cookson, T. A. Crabb, J. J. Frenkel. and J. Hudec, Tetrahedron, Suppl. No. 7, pp. 355, 1966; 
R. Cahill, R. C. Cookson, and T. A. Crabb, Tetrahedron, 1969 25 
4681.  
gives fragment e (rn/c 116). Loss of two formaldehyde 
molecules from the molecular ion gives fragment f 1 
+ 
() 
.1 >2HCH0> i °> - ~ r 
m/e 146 	 f, We 86) 	f2 (m/e 85) 
	
+ 	 1 
-HCHO > 
[::>] 	
b1 (mle 14 5) 	 b2 We 115) 
m/el1.6 	 + 	 + 
H  ()> -HCHO> 
b ',(nh/e145) 	 b' We 115) 
ScHEME 1 Fragmentation patterns for 
1,4:2,3-di-O-methylene-erythritol (5; R = H) 
° 
r'xro' oco +  —* I 	+ 	 II —3CH30=CH CH2 
m/,146 	 ' 	h(m/é73) 	We 1.5 
[oxJ 03 




\O rn/c 146 	-2 HC 
1• 	 + 
We 86) 	f2(rn/e 85) 
SCHEME 2 Fragmentation patterns for 
1,3:2,4-di-0-methylene-erythritol (4; R = H) 
(m/e 86) which can eliminate a hydrogen atom to yield 
fragment f2 (rn/c 85). 
Molecular models of 1 ,4:2,3-di-O-methylene-erythritoi 
31 o• S. Chizov, L. S. Golovkina, and N. S. Wulfson, Carbo-
hydrate Res., 1968, 6, 138, 143; N. S. Wulfson, 0. S. Chizov, and 
L. S. Golovkina, Zhur. org. lihirn., 1968, 4, 744. 
" K. Mislow and M. Raban, Topics Stereochem., 1967, 1. 1; 
E. L. Eliel, ' Elements of Stereochemistry,' Wiley, New York, 
1969. p. 20; D. Arigoni and E. L. Eliel, Topics Slereoche,n., 1969, 
4, 127; E. L. Elie). J. Chem. Educ., 1971, 48, 163; H. Hirsch-
mann and K. R. Hanson, J. Org. Che,n., 1971, 36, 3293; Euro-
pean J. Biochem., 1971, 22, 301; J. F. Stoddart, MTP Inter-
national Review of Science, Organic Chemistry, Series One, vol. 1, 
ed. W. D. 011is, 1973, p.  1. 
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(5; R = H) reveal that there are' three conformations 
where torsional energy and nonbonded interactions ap-
pear to be approximately minimal. In all these con-
formations, the 1,3-dioxepan ring adopts a favourable 
twist-chair conformation with the cis-fused 1 ,3-dioxolan 
ring in a twist conformation. If attention is focused on 
the relative conformational dispositions of the oxygen 
atoms in the -O--- -O- units between the five- and 
seven-membered rings, then the three conformations 
(Figure 2) may be identified as the gauche,gauche (19), 
gauche,anti (20), and anti,anti (21) conformations. The 
gauche,gauche conformation (19) may be regarded as a 
'conformational relative' of the '0-inside' conform-
ation 2  of 1,3:2,4-di-0methylene-L-threitol (7). 
In view of this situation it was of interest to investigate 
the conformational behaviour of 1 ,4:2,3-di-O-methylene-
erythritol (5; R = H) in solution by 1H n.m.r. spectro-
scopy. The partial 'H n.m.r. spectra in deuteriochioro-
form and in carbon disulphide are shown in Figures 3 
and 4, respectively. In order to aid the assignment of 
chemical shifts to the bridgehead and C-methylene pro-
tons, 1 ,4:2,3-di-O-methylene[1 , 1 ,4,4- 2H4]erythritol (26) 
was prepared by the procedure outlined in Scheme 3. 
Comparisons of the experimental spectra in Figures 3 and 
4 with computed spectra have provided the coupling 
constant data summarised in Table 1. The problem now 
arises of equating this information with the conform-
ational behaviour of the molecule. The possibility must 
be recognised that the gauche,gauche (19), gauche,anti (20), 
H 0 H 
gauche ,gauche 	 gauche,anti 






FIGURE 2 The gauche,gauche (19), gauche,anti (20), and anti, 
anti (21) conformations of 1,4: 2,3-di-0-methylene-erythritol 
(5; R = H); the gauche -o--c--c--o- fragments are identified 
by the thickened bonds 
and anti,anti (21) conformations—and for that matter, 
other conformations—may be of approximately equal 
energies and, in view of the conformational flexibility of 
* Such a process involves boat-like intermediates for the 
seven-membered ring. 
U W. E. Willy, G. Binsch, and E. L. Eliel, J. Amer. Chem. Soc., 
1970, 92, 5394. 
" V. Tabacik, Tetrahedron Letters, 1968, 555, 561.  
the molecule, may also be undergoing rapid inter- 
conversion.* If. this is the case, then the calculation of 
H-2/H-3 	(H1/H4 	 H-1/ H-4 
580 588 	 6'21 
-t. 
580 	5-88 	 621 
FIGURE 3 The experimental and computed partial 'H n.m.r. 
spectra of 1,4:2,3-di-0-methylene-erythritol (5; R = H) in 
deuteriochloroform 
specific coupling constants would be imprudent, 33 since 
coupling constants should be summed 34  over the whole 
pseudorotational itinerary and not just over the most 
TABLE 1 
Vicinal coupling constants observed for 1,4:2, 3-di-0- 
methylene-erythritol (5; R - H) in deuteriochioro-
form and carbon disulphide 
f/Hz 
Vicinal - 
protons CDCI 8 CS, 
1,2 30 40 
1', 2 5.0 70 
2,3 80 80 
3.4 3. 40 
3 4' 5 70 
stable conformations. In addition, the dependence 35 of 
coupling constants on the orientation of the protons with 
' K. L. Williamson, J. Amer. Chem. Soc., 1963, 85, 516; 
P. Laszlo and P. von R. Schleyer, ibid., p.  2709; D. H. Williams 
and N. S. Bhacca, ibid., 1964, 86, 2742; H. Booth, Tetrahedron,  




respect to the electronegative oxygen atoms is also un-
certain. These factors render the Karplus relationship 
unreliable for the quantitative determination of torsion 




FIGURE 4 Experimental and computed partial 111 n.m.r. 
spectra of 1,4:2,3-di-0-methylene-erythritol (5; R = H) in 
carbon disulphide 
angles, and hence of conformation, in 1,4:2,3-di-0-
methylene-erythritol (5; R = H). In six-membered 
rings, and to some extent in five-membered rings, this 
problem may be circumvented by employing the R-value 
method 37  provided certain structural criteria are fulfilled. 
Unfortunately, 1 ,4:2,3-di-O-methylene-erythritol (5; 
R = H) is not amenable to such an analysis. However, 
the significant difference amongst conformations (19)-
(21) in Figure 2, lies in the torsion angles involving the 
H(1')-(--t-H(2) and H(3)-(-(-H(4') fragments. If 
these are directly associated with gauche -O-L-(--O- 
fragments, then the torsion angle relating the protons to 
each other is 	synclinal; * if they are associated with 
ansi -O----è-O- fragments, then the torsion angle relat- 
ing the protons to each other is 	antiperiplanar.* 
* Conformations are described as synclinal or anhiperiplanar if 
the torsion angle is within ± 30 0  of ± 600 or ± 1800, respectively. 
t Tris-(l .1,1,2,2,3, 3-heptafluoro-7,7-dimcthylbctane-4,6-dion-
ato)europium(Iti). 
Thus, by applying the Karplus equation in a qualitative 
sense and making allowance for the conformational 
averaging which is presumably occurring between 
enantiomeric conformations, it would be expected that 
the coupling constant f1',2 (= J3,4') would increase in 
magnitude on going from the gauche,gauche (19), through 
the gauche,anii (20), to the anti,anti (21) conformation. 
Thus, qualitatively at least, an increase in the magnitude 
of observed values for f1'2 ( J34') from 5'0 to 70 Hz 
(Table 1) on going from deuteriochioroform to carbon 
disulphide solution indicates that contributions from con- 
formations with oxygen atoms in the -O--t --O- frag- 
ments in the anti relationship is more important in carbon 
disulphide. 
This conclusion is supported by results obtained for 
1 ,4:2,3-di-O-methylene-erythritol (5; R = H) in the 
presence of the lanthanide shift reagent, Eu(fod) 3 ,t in 
deuteriochioroform and in carbon disulphide solution. 
Although comparison (Table 2) of the lanthanide-induced 
shifts indicates that a similar conformational picture per-
tains in both solvents in the presence of Eu(fod) 3 , the 
dramatic change (Table 3) in the magnitude of f1',2 
( J34') from 7'0 to 40 Hz, as Eu(fod) 3 is added pro-
gressively to the carbon disulphide solution, is consistent 
CO2 Me 	 CO2 Me 
H_I OH OQH 	XD H 	OH 	H' 	H 
- CO2 Me CO2 Me 
(22) 
[CH 2 JLO\tf,L 1AI 0
4 
CDOH 	 CDjOH 
H:TOH M20 H 	0 
CDOH 	 CD1OH 
(2L.) 	 23) 
utj,HcH 0 
DD 	 OD 
•i:1;+ <:> 
(25) 	 (26) 
SCHEME 3 Preparation of 1,3:2,4- (25) and 1,4:2,3- (26) 
di.O.methylene[l, l,4,4- 2Hjerythritol 
only with a perturbation in the conformational equilib- 
rium towards the gauche,gauche conformation (19). 
" M. Karplus, J. Chem. Phys., 1959, 30, 11; J. Amer. C.em. 
Soc., 1963, 85, 2870. 
37  J. B. Lambert, Accounts Chem. Res., 1971, 4. 87. 
38 W. Klyne and V. Prelog, Experientia, 1960, 16, 521. 
" IUPAC 1968 Tentative Rules, Section E, Fundamental 
Stereochemistry, J. Org. Chem., 1970, 85, 2849. 
672 
	 J.C.S. Perkin I 
Interactions between substrates and lanthanide shift 
reagents are known 40 to influence the positions of con-
formational equilibria involving diastercoisomeric con-
formations. The gauche,gauche conformation (19) pro-
vides the best geometrical situation for simultaneous co-
ordination of all four oxygen atoms with the europium 
ion and is presumably stabilised as a consequence. 
TABLE 2 
Comparison of the lanthanide-induced shifts for 1,4:2,3-
di-0-methylene-erythritol (5; R = H) with Eu(fod) 3 
in deuteriochioroform and in carbon disulphide 
CDC1, 	 CS 
Proton 	'iO.oivnt 	i8•° a 	 0.6 ' 
H-1/H-4 	 3.79 418 370 	534 
H-1'/H-4' 412 	516 	3.79 673 
H-2/H-3 	 4•20 4'14 408 	524 
HA/1,4-0CH2 0 	496 	2'10 	460 314 
HB/1,4-0CH S O 461 288 460 	365 
HAf2,3-0'CHaO 	5'22 	1.55 	5.01 224 
HB/2,3-0CH0 486 233 472 	392 
d Plots of lanthanide-induced shifts against molar ratios (p) 
of complex to substrate gave excellent linear relationships up 
to at least p - 06. Thus, we have defined O.5 = 0s,,Ivn - 
2,P — 01 
Eu(fod). 
TABLE 3 
Vicinal coupling constants f1.,2 ( J34') in CS, for 1,4:2,3-
di-0-methylene-erythritol (5; R = H) at various 
different molar ratios (p) of Eu(fod) 3 
P 	J1 . (mJ34')/Hz 
000 7•0 
0.15 	 69 
O34 50 
055 	 4O 
080 40 
It is instructive to compare these results with those 
obtained (Table 4) for 1 ,3:2,4-di-O-methylene-L-threitol 
TABLE 4 
Lanthanide-induced shifts 	for 	1,3: 2,4-di-O-methylene-L- 
threitol (7) and 1, 6-dideoxy-2,4: 3, 5-di-O-methyleñe-D- 
mannitol (12) in deuteriochioroform 
Compound (7) Compound (12) 
'Proton 
r 
 Proton 	80io1veut 
H-2/H-3 	362 422 	H-2/H-5 421 	362 
H-Iax[H-4ax 	378 427 H-3/H-4 	367 283 
H-leq/H-4eq 415 5.35 	HB 	483 	250 
HB 	 4•77 336 HA 483 260 
HA 516 3•43 	CH, 	134 	146 
• Footnote as for Table 2. 
(7) and 1 ,6-dideoxy-2,4:3,5-di-0-methylene-D-mannitol 
(12) in deuteriochloroform on addition of Eu(fod) 3. The 
'0-inside 'conformations of these molecules resemble the 
gauche,gauche conformation (19) of 1 ,4:2,3-di-0-methyl- 
110 R. R. Fraser and Y. Y. Wigfield, Chem. Comm., 1970,1471; 
J. F. Caputo and A. R. Martin, Tetrahedron Letters, 1971, 4547; 
W. G. Bentrude, H.-W. Tan, and K. C. Yee, J. A,ner. Chem. Soc., 
1972, 94, 3265; T. Sato and K. Goto, J.C.S. Chem. Comm., 1973, 
494; B. L. Shapiro, M. D. Johnstone, jun., and M. J. Shapiro, J. 
Org. Chem., 1974, 39, 790; K. L. Williamson, D. R. Clutter, R. 
Erich, M. Alexander, A. E. Burroughs, C. Chua, and M. E. Bogel, 
J. Amer. Chem. Soc., 1974, 96, 1471. 
41 H. Hibbert and N. Al. Carter, J. Amer. Chem. Soc., 1928, 50, 
3120.  
ene-erythritol (5; R = H) in as far as they also provide a 
good disposition of the oxygen atoms for simultaneous 
co-ordination with europium ions. The lanthanide- 
induced shifts for (5; R = H) and (7) are similar in as 
much as the signals due to protons on C-i, -2, -3, and 
-4 are shifted downfield more rapidly than those of the 
0-methylene protons. Coupling constant data from the 
'H n.m.r. spectrum of 1 ,6-dideoxy-2,4 :3,5-di-0-methyl- 
ene-D-lnannitOl (12) shOW21  that the 'H-inside' con- 
formation is an important contributor to the conform- 
ational equilibrium at room temperature in deuterio- 
chloroform solution. However, when Eu(fod) 3 is added, 
a decrease in the magnitude of J2,3 (m  J45) is observed 
(Table 5) indicating a perturbation in the conformational 
TABLE 5 
Vicinal coupling constants .12.3 ( J45) for 1,6-dideoxy-
2,4:3,5-di-0-methylene-n-mannitol (12) at various 
molar ratios (p) of Eu(fod) 3 
P 	 J45)/Hz 
000 5.9 
011 	 5.5 
027 48 
043 	 4.7 
058 42 
074 	 38 
equilibrium towards the ' 0-inside' conformation. This 
behaviour appears to have a close analogy with that 
already noted for 1,4:2,3-di-0-methylene-erythritol (5; 
R = H) in carbon disulphide solution. 
Acid-catalysed equilibration of the 1,3:2,4- (4; R = H) 
and 1,4:2,3- (5; R = H) diacetals indicates that there is 
a free energy difference of 137 kcal mol' in favour of the 
1,3:2,4-diacetal (4; R = H) at room temperature. 
Coupling constant data (see Experimental section) for the 
1,3:2,4-diacetal (4; R = H) are consistent with a trans-
decalin-like conformation (27) which incorporates three 
anti oxygen-oxygen orientations. 
07 
(27) 
It is known that formaldehyde 41 and acetaldehyde 42.43  
will condense with glycerol to give approximately equi-
molar mixtures of 1,3-dioxan and 1,3-dioxolan deriva-
tives at equilibrium. Thermodynamic data obtained 
from the polymerisation of 1,3-clioxolan 44 and 1,3-
dioxepan 45 indicate (cf. ref. 46) that the strain energies 
are of the same order of magnitude in these ring systems 
as well. Thus, the relatively small free energy difference 
between the 1,3:2,4- (4; R = H) and 1,4:2,3- (5; R = H) 
" H. S. Hill and H. Hibbert, J. Amer. Chem. Soc., 1923, 45, 
3117; H. S. Hill, H. C. Hill, and H. Hibbert, ibid., 1928, 50, 2242. 
43 G. Aksnes, P. Albriktsen, and P. Juvvik, Ada Chem. Scand., 
1965, 19, 920. 
" P. H. Plesch and P. H. Westermann, J. Polymer Sri., 1968, 
ClO, 3837; W. K. Bushfleld, R. M. Lee, and D. Merigold, Makro-
,nol. Chem., 1972, 156, 183. 
" P. H. Plesch and P. H. Wcstermann, Polymer, 1969, 10, 105: 
W. K. Bushfield and R. Al. Lee, Makromol. Chem., 1973. 169, 199. 
46 G. Borgcn and J. Dale, J.C.S. Chem. Comm., 1974, 484. 
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diacetals is not surprising.* It would certainly appear 
that the gauche oxygen-oxygen interactions in the 
gauche,gauche (19) and gache,anti (20) conformations of 
the 1,4:2,3-diacetal (5; R = H) do not result in any 
appreciable relative stabilisation of this isomer under the 
equilibrium conditions employed. This is in spite of the 
fact that the gauclze,anti conformation (20) also accom-
modates a favourable orientation for the dioxymethylene 
group in the seven-membered ring. This is the only con-
formation in Figure 2 where the 1 ,3-dioxa-grouping in 
the seven-membered ring avoids an unfavourable syn-
axial lone pair interaction .9,11,47,48 There are, of course, 
two syn-axial interactions associated with the 1 ,3-dioxa-
groupings in the trans-decalin-like conformation (27) of 
the 1,3:2,4-diacetal (; R = H). This problem does not 
arise in 2isopropyl5methox3, -1.3-dioXan (28) which is 
probably the most suitable model compound avail-
able 8.12.14.15 at present with which to compare the 
stereochemical behaviour of the di-0-methylene deriva-
tives [(4) and (5); R = H] of erythritol. Studies on the 
position of the configurational equilibrium between cis-
(28a) and trans- (28b) 2isopropyl-5-methoxY-1,3-thOXan 
in 17 different solvents indicate 8,12,14,15 values for the 
conformational free energies of the methoxy-group 
ranging from -001 in acetonitrile to 106 in n-hexane. 
These data seem to suggest that there is an unfavourable 
electronic interaction 8,12.14,15 resulting in a small relative 
destabilisation of isomers with gauche oxygen-oxygen 
interactions and leading to a small preference for the anti 
arrangement of vicinal oxygen substituents. 
OMe 
PrL10T'7 	± Pr 	7' OMe 
(28a) 	 t 28b 
Although it has been claimed 16 that in solution the 
gauche arrangement is always preferred for vicinal oxygen 
substituents, there is no evidence that vicinal oxygen 
substituents are a stabilising feature in any of the com-
pounds discussed in this paper. 
EXPERIMENTAL 
M.p.s were determined using a Reichart hot-stage 
apparatus. Optical rotations were measured using a 
Perkin-Elmer 141 automatic polarimeter at ambient tem-
peratures. Tic. was carried out on glass plates (20 x 5 
cm) coated with Merck silica gel G. Developed plates were 
air-dried, sprayed with a cerium(Iv) sulphate-sulphuric acid 
reagent, and heated at about 110 ° . Hopkin and Williams 
* Two other factors should be considered. They are (i) the 
favouring of the 1,4: 2,3-diacetal (5; R = H) on entropy 
grounds on account of its greater flexibility, and (ii) the destabili-
sation of the 1,3 : 2,4-diacetal (4; R = H) relative to Irans-
decalin due to the incompatibility of flattening of the C(4)-C(5)-
C(6) regions 9, 11. 14.47 of the 1,3.dioxan rings because of the trans 
ring junction between them. Flattening of one 1.3-dioxan ring 
would have to be accompanied by unfavourable puckering in the 
other. Presumably a compromise situation pertains where a 
considerable amount of strain energy is associated centrosyni-
metrically with the Irons ring junction.  
silica gel (MFC) was used as the chromatographic medium 
for all column separations. G.l.c. analyses were carried out 
using a Perkin-Elmer F 11 gas chromatograph equipped 
with a flame-ionisation detector. Low resolution mass 
spectra were determined with an A.E.I. MS12 spectrometer, 
and high resolution spectra with an A.E.I. MS 9 instrument. 
Jr. spectra were recorded for KBr discs using a Perkin-
Elmer 137 spectrophotometer (NaC1 optics). 1 H N.m.r. 
spectra were recorded on a Varian HA-100 or HR-220 
spectrometer with tetrametliylsilane as ' lock ' and internal 
standard. Theoretical 'H n.m.r. spectra were calculated 
with an ICL 1907 computer by use of the LAOCOON Ii 
program. 4 ' 
1,3:2,4- (4; R = 1-1) and 1,4:2,3- (5; H = H) Di-O-
n,ethylene-erythritol.-Concefltrated sulphuric acid (6 ml) 
was added to ervthritol (10.0 g) and paraformaldehyde (10.0 
g). After 3 days at room temperature, the mixture was 
refluxed with methanol (180 ml) for 2 h. On cooling, the 
solution was neutralised with barium carbonate, the barium 
salts were filtered off, and the methanol was removed to give 
a white solid (4-0 g). T.l.c. indicated the presence of two 
major components. R 1, 0-90 and 0-67 in ethyl acetate-light 
petroleum (b.p. 60-80 °) (3:1 v/v). A portion (2-0 g) of 
this product was chromatographed on a silica gel column 
(75 x 2-5 cm) with ethyl acetate-light petroleum (b.p. 
60-80°) (1: 4 v/v) as eluant to give three fractions. 
Fraction I, on recrystallisation from ethyl acetate-light 
petroleum (b.p. 60-80 °), yielded long needles ci the .l,3:2,4-
diacefal (4; H = H) (757 mg), rn.p. 100 (lit., 29 97-98°) 
(Found: C, 49'1; H, 6.6%; M t', 146. C6H 1004 requires 
C, 493; H, 6.9%; M, 146), - (100 MHz; CDCI 3) 5-00 and 
530 (411, AB systems, JAB 0-0 Hz, OCH 2'O), 5-86 (211, m, 
JIeq.lo.r = J4e2.4ax = 80. J1eq.2 = Js.*eq = 1611z, H-leq and 
4eq), 646 (2H, m, Jleq.lax = Jsq,4ax = 80, Jlax.l 
J34 
= 9-2 Hz, H-lax and -4ax), and 6-47 (2H, rn, 
Jleq2 = J3,4€8 = 1'6. Ji.2 =. J34 = 92, J2,3 	92 Hz, 
H-2 and -3), ni/c 146 (5%), 116 (36), 85 (58), 83 (91), 73 
(100), and 45 (38). 
Fraction 2, on recr stallisation from ethyl acetate-light 
petroleum (b.p. 60-80 °), yielded the 1,4:2,3-diacetal (5; 
H = H) (106 mg), m.p. 88-89 °  (Found: C. 48-8; H, 6-7%; 
M, 146), (220 MHz; CDC1 3) 4-78 and 514 (2H, AB 
system. JAB <l0 Hz, 2,3-0CH20), 5-08 and 5•39 (211 A 
system, JAB 61 Hz, 1,4-0CH 2 0), 5-80 (2H, m, J23 80. 
J1'.2 = f3.4' =5,0 1 .J1.2 = J34 = 3.0 Hz, H-2 and -3), 
5'88 (2H, m, J1'2 = J3 = 50, f11' = f44. = 130 Hz. 
H-i' and 4'), and 6-21 (214. q, f1.2 = f1.4 = 3'0 
J11' = J44. = 13'0 Hz, H-i and -4), 'r (220 MHz; CS.) 
4'99 and 5-28 (214, AB system, JAB  <1-0 Hz, 2,3-0CH 2 '0), 
540 (2H, s, 1,4-0CH 2 0), 5-94 (2H, m, f23 80,  J34 40, 
= J34. = 7.0 Hz. H-2 and -3), 621 (2H, m, J11' = 
J4. 4' = 130, f1'2 = J34. = 7-0 Hz, H-l' and -4'), and 
630 (211, m, f11' = J44' = 130, f1'2 = J34' 	4-0 Hz. 
H-i and -4), in/c 146 (4%), 145 (6), 115 (85). 101 (21), 86 
(100), 85 (17), 83 (21), 73 (30), 70 (60). and 55 (92). 
Dime! hyl 2, 3_O_Gycloiiexylidene-meSO-Iartrate ( 22) .-A 
mixture of dimethyl meso-tartrate (4'5 g), cyclohexanone 
47 E. L. Eliel and Sr. M. C. lcnoebcr, J. ..4mer. CIzeni. Soc., 1968, 
90, 3444; E. L. Eliel, Sve,zsh hem. Tidskr., 1969, 81, 6J7, 2; 
F. W. Nader and E. L. Elie], J. Amer. Chem. Soc., 1970, 92, 3050; 
A. J. dc Kok and C. Romers, Rec. Tray. chin:.. 1970, 89, 313. 
48 J F. Stoddart, MTP International Review of Science. 
Organic Chemistry, Series One, vol. 7, ed. G. 0. Aspinall. 1973, 
P. 1. 
41 S. Castellano and A. A. Bothner-By, J. Chem. Phys., 1964, 
41, 3863. 
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(15.0 ml), toluene-p-sulphonic acid (150 mg), and light 
petroleum (h.p. 40-60°) (15.0 ml) was refluxed in a Soxhiet 
extractor containing molecular sieves for 48 h. On cooling, 
the mixture was washed with sodium carbonate solution, and 
after the light petroleum had been removed by evaporation, 
the residue was subjected to fractional distillation. The 
second fraction collected was characterised as dimeihyl 2,3-
0-cyclohexylidene-meso-tartrate ( 22) (3.36g. 52%), b.p. 110-
120° at 2 mmHg (Found: M, 258'1104. C12H18O6 re-
quires M, 258.1103). 
2,3-0-Cyclohexylidene[ 1,1 ,4,4-2H4]erythritol (23) .—A solu-
tion of dimethyl 2,3-0-cyclohexylidene-meso-tartrate (22) 
(1.0 g) in dry tetrahydrofuran (2.0 ml) was added to a solu-
tion of lithium aluminium deuteride (346 mg) in dry tetra-
hydrofuran (10.0 ml) during 10 mm. The mixture was re-
fluxed for 30 nun before the excess of lithium aluminium 
deuteride was destroyed with ethyl acetate (2.0 ml). 
Potassium hydroxide (1.0 g) in water (4.0 ml) was added and 
after stirring the residue was isolated by decantation. This 
residue was extracted with ether (3 x 50 ml) and the com-
bined organic layers were washed, dried, and concentrated 
to give the letradeuteriated derivative (23) (860 mg), b.p. 
175-180° at 1'5 mmHg (Found: M, 2061456. 
C10H14D404 requires ill, 2061456) as a viscous oil which was 
used in the next step without further purification. 
1,1,4,4-2H4]Erythritol (24)—A solution of the crude 2,3-
0-cyclohexylidene[1, 1, 4,4- 2H4jerythritol (23) (860 mg) in 
hydrochloric acid (01M; 150 ml) was refiuxed for 2 h, 
cooled, and extracted with ether (10.0 ml) to remove cyclo-
hexanone. The ether was removed under reduced pressure 
'to leave an oil, which, on addition of ether-ethanol (1: 1 v/v; 
7 ml) crystallised to give [1,1,4,4-2H4]erythri1ol (24) (260 mg, 
45%), m.p. 119-121 °. Erythritol has 50  m.p. 1215°. 
1,3:2,4- (25) and 1,4:2,3- (26) Di-O-rnethylene[1, 1,4,4- 2H 4]-
erytlzritol.—Tetradeuteriated erythritoi (24) (300 mg) was 
mixed with paraformaldehyde (300 mg) and concentrated 
sulphuric acid (0.18 ml). The mixture was kept for 3 days 
at room temperature. Chloroform (20 ml) was added and 
then sodium hydrogen carbonate solution until the mixture 
was alkaline. The chloroform layer was separated, 
extracted with more sodium hydrogen carbonate solution 
(10 ml), dried (MgSO 4), and evaporated to yield a white solid 
(220 mg). T.l.c. revealed the same spectrum of products as 
obtained from the methylenation of erythritol. The di-
acetal components were separated chromatographically by 
the procedure described for the undeuteriated analogues. 
Fraction 1 contained 1,3:2, 4-di-O-;nethylene[ 1,1, 4,4- 2H3]-
erythritol (25) (75 mg), m.p. 100°, r (100 MHz; CDC1 3) 500 
and 528 (4H, AB systems, J&B  60 Hz, 0CH 2'O) and 6'47 
(211, s, H-2 and -3) ,r (100M11z; CS 2) 5'15 and 5•43 (4H, 
AB systems, JAB  60 Hz, OCH 2 0) and 665 (2H, s, H-2 and 
-3), r (100 MHz; C 0D 6) 526 and 580 (4H, AB systems, 
JAB 60 Hz, O'CH 2'0) and 677 (211, s, H-2 and -3). 
Fraction 2 contained 1,4:2, 3-di-O-meihylenei 1,1, 4,4- 2H 4]-
erythritol (26) (44 mg), m.p. 88-90°, (100 MHz; CDC1 3) 
478 and 515 (211, AB system, JAB  <10 Hz, 2,3-0CH 2 0),  
504 and 5•37 (2H, AB system, JAB  60 Hz, 1,4-0CH 2 0), 
and 581 (2H, s, H-2 and -3), (100 MHz; CS 2) 4'99 and 
5'28 (2H, AB system, JAB  <10 Hz, 2,3-0CH 2 O), 540 (2H, 
s, 1,4-0'CH2'O), and 5•94 (2H, s, H-2 and -3), 'r (100 MHz; 
C6D6) 4'99 and 541 (2H, AB system, JAB  <10 Hz, 2,3-
OCH2 0), 540 and 565 (211, AB system, JAB  60 Hz, 1,4-
OCH2 O), and 624 (2H, s, H-2 and -3). 
Acid-catalysed Equilibration of the Methylene Diacetals (4; 
R = H) and (5; R = H) of Erythritol.—Six reaction mix-
tures were prepared containing erythritol (500 mg), para-
formaldehyde (500 mg), and concentrated sulphuric acid 
(0.3 ml) and stored at Ca. 25°. Periodically (4-7 weeks) 
two samples were quenched by addition of sodium hydrogen 
carbonate followed by extraction with chloroform. The 
extracts were analyed by g.l.c. on columns (0.125 in x 6 It) 
containing 20% Carbowax 20M washed with 2% potassium 
hydroxide. A minimum of three analyses were carried out 
on each sample. The g.l.c. system was calibrated by 
TABLE 6 
Acid-catalysed equilibration of the methylene diacetals 
(4; R = H) and (5; R = H) of erythritol 
Equili- 
bration 
Sample time No. of Isomer ratio kcal 
no. (weeks) analyses [1,3:2,4-]: [1,4:2,3-] K mor' 
1 4 3 913: 87 1050 136 
2 4 3 90.9: 91 9.99 137 
3 6 3 916: 8'4 1090 142 
4 5 3 916: 84 1090 142 
5 7 6 904: 9. 942 133 
6 7 5 904: 96 942 133 
Average value 
= 137 
analysing known mixtures of methylene diacetals of ervthri-
tol. The experimental data are summarised in Table 6 
together with the calculated K and G° values. 
During the g.l.c. analyses a small amount (ca. 7°) of a 
volatile fast-moving component was observed. Since it was 
suspected that this component might correspond to the so-
far undetected 1,2: 3,4-di-Q-methvlene-ervthritol, it was 
isolated by preparative g.1.c. Spectroscopic examination 
indicated however that it was .' ,4-anhydro-2,3-O-nethylene-
erythritol (18) (Found: M, 1160469. C 51-1 803 requires M, 
116.0473), 'r (100 MHz; CDC],) 498 and 514 (211, AB sys-
tem, JAB  <10 Hz, 2,3-0CH 2 0) and 524-666 (611, 
AA'LM'XX' system). 
1,3:2, 4-Di-0-rnethylene-L-threitol 	(7) .—Compound 	(7) 
{m.p. 173-174°, [] —51° (c 08 in CHCI 3)} was prepared 
according to ref. 2. 
1, 6-Dideoxy-2 , 4:3, 5-di-O-inetlzyiene-D-mannilol 	(11).— 
Compound (11) {m.p. 57--59 0 . {a] +618° (c 2'0 in CHC13)} 
was prepared according to ref. 20. 
[411934 Received, 20th September, 1974] 
60 'Heilbron's Dictionary of Organic Compound,' vol. 3, 1965, 
Eyre and Spottiswoode. London, p. 1354. 
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Isomerism in Bicyclic Diacetals. Part II.' Bicyclic Methylene Diacetals 
in the gaThcto, arabino, and ribo Series 
By Ian J. Burden and J. Fraser Stoddart. Department of Chemistry, The University, Sheffield S3 7H  
Studies of the acid-catalysed methylenation of tetritols with the ga/acto, arab/no, and ribo configurations have 
led to the following observations: (i) dimethyl galactarate affords dimethyl 2.3:4,5- and 2.5:3.4-di-0-methylene-
galactarate. (ii) methyl-D-arabinonate affords methyl 2.3:4.5-. 2.4:3.5-. and 2.5:3.4-di-0-methylene-D-arabiflOnate. 
and (iii) methyl o-ribonate affords methyl 2.4:3.5- and 2.5:3.4-di-0-methylene-D-ribonate. Vicinal coupling 
constant data obtained by 'H n.m.r. spectroscopy show that dimethyl 2.5:3.4-di-O- methyl enegalactarate and 
methyl 2.5:3.4-di-O-arabinonate exist predominantly in gauche.gauche conformations in solution whereas the 
gauche.anti conformation is highly populated in solutions of methyl 2.5:3.4-di-0-methylene-D-ribonate. The 
relative stabilities of the constitutional isomers are discussed in terms of electronic effects associated with gauche 
II 
oxygen—oxygen interactions in O-C
I
-c-O fragments as well as in terms of steric effects. There is no strong evidence 
to support the view that such gauche oxygen—oxygen interactions are an important stabilising feature in cis-fused 
3.5.8.1 0-tetraoxabicyclo[5.3.0]decanes. 
THE synthesis and characterisation 1 of 1,4:2,3-di-0- 





3,5,8,10-tetraoxabicvclo[5.3.0]decane derivative sug- 
gested that other alditols which could potentially exhibit 
spectroscopic characterisation of the bicyclic methylene 
diacetals in the three configurational series will be con-
sidered separately. 
(A) The galacto Series.—Although three constitution-
ally isomeric diacetals could be obtained in principle from 
the acid-catalysed methylenation of dimethyl galactarate 
(Figure 1) only two were isolated, both as crystalline 
compounds (m.p.s 106-107 and 162-163°). An un-
ambiguous assignment of constitution to these isomers 
can be made 1  on the basis of the nature of the 'H n.!n.r. 
signals for the dioxymethylene protons. The isomer 
with m.p. 106-107 wa characterised as dimethyl 
R' 
0 	(2) R'=R 2 =CO2Me 
R' H. R 2 CO 2Me 
R 2 
H -- OH 
HO--H 
HO-- H 
H + OH 
R 2 
R'= R 2 = CO2Me 
Dimethyl gatactarate 
Rc H, R  2=  CO2Me 
Methyl o-orGbinonate 
H ° -HCHO - 
R' 
	
O4o 	(3) R R'= CO 2 Me 
R' = H, R: CO2Me 
R 2 
H 
(041.0 	(6) R: R = CO2Me 
(lU R1 = H R COMe 
FIGURE 1 Acid-catalysed methylenation of 
category (ii) reactivity' should be investigated. This 
paper describes the results obtained on acid-catalysed 
methylenation of dimethyl galactarate, methyl D-
rabinonate, and methyl D-ribonate. The synthesis and 
1 1. J. Burden and J. F. Stoddart, J.C.S. Perkin I. preceding 
paper.  
liniethyl galactarate and methyl n-arabinonate 
2,3:4,5-di-0-methylenegalactarate (2) on the basis of the 
two isochronous AB systems with JAB < 1'0 Hz for the 
enantiotopic dioxyniethylene groups in the five-membered 
rings. The isomer with m.p. 162-163° was character -
ised as dimethyl 2,5:3,4-di-0-methylenegalactarate (3) 
since it exhibits two anisochronous AB systems with 
676 
JAB < 1•0 Hz (five-membered ring) and JAB  75 Hz 
(seven-membered ring) for the constitutionally lieterotopic 
dioxymethylene groups. No dimethyl 2,4:3,5-di-0-
methylenegalactarate (4) was detected under reaction 
conditions of thermodynamic control. 
Reduction of the diceta1s (2) and (3) with lithium 
aluminium hydride afforded 2,3:4,5- (5) and 2,5:3,4-di-0-
methylenegalactitol (6), which were characterised as their 










(5 ) RR 2 = CHOH 	16 ) R' R 2=  CHjOH 
(7) W= R 2: CHOMe 	(8) R= R 2= CH2'OMe 
(12) R = H R 2 CH0H 
signals for their dioxymethylene groups is also consistent 
with their constitutional assignments. 
J.C.S. Perkin I 
of methyl D-arabinonate afforded all three possible con-
stitutionally isomeric diacetals. One isomer was isolated 
as an oil with b.p. 150-160° at 2 mmHg and [] +37°. 
The other two isomers were isolated as crystalline com-
pounds, (i) with m.p. 100-103° and [x] D  —735°, and (ii) 
with m.p. 200-203° and [ca]D —338°. The isolation of 
two crystalline compounds, (i) with m.p. 99100° and 
[]D —752°, and (ii) with m.p. 200-201° and [xl —311 0 
from the acid-catalysed reaction of paraformaldehycle 
with methyl D-arabinonate has been reported 2  pre-
viously without constitutional assignments. The liquid 
isomer was characterised as methyl 2,3:4,5-di-0-methyl-
ene-D-arabinonate (9) on the basis of its 1H n.m.r. 
spectrum which exhibits two anisochronous AB systems 
each with JAB <1.0 Hz arising from the constitutionally 
heterotopic dioxymethylene groups in the five-membered 
rings. The isomer with m.p. 100-103° was character-
ised as methyl 2,5:3,4-di-0-methylene-D-arabinonate (10), 
since its constitutionally heterotopic dioxymethylene 
groups give rise to -two anisochronous AB systems, one 
with JAB  <10 Hz (five-membered ring) and the other 
with JAB  67 Hz (seven-membered ring). In the case of 
the isomer with m.p. 200-203°, two anisochronous AB 
systems each with JAB 63 Hz (six-membered rings) were 
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SCHEME 1 Mass spectral fragmentation patterns for 4.4'-bis-1,3-dioxolans 
An analysis of the mass spectral fragmentation pat-
terns of the 2,3:4,5-diacetals [(2), (5), and (7)] and of the 
2,5:3,4-diacetals [(3), (6), and (8)] permits 1 confirmation 
of the constitutional assignments made on the basis of 'H 
n.m.r. spectroscopy. The fragmentation patterns sum-
marised in Table 1 are accounted for in Schemes 1 and 2 
for the 2,3:4,5-diacetals [(2), (5), and (7)] and the 
2,5:3,4-diacetals [(3), (6), and (8)], respectively. 
(B) The arabino Scries.—Acid-catalysed methylenation 
observed for the constitutionally heterolopic dioxymethyl-
eñe groups indicating that the isomer is methyl 2,4:3,5-
di-0-methylene-D-arabinonate (11). 
Reduction of the diacetals (10) and (11) with lithium 
aluminium hydride afforded 2,5:3,4- (12) and 2,4:3,5-di-
0-methylene-n-arabinitol (13), respectively. The nature 
of the 'H n.m.r. signals for their dioxymethylene group-
is also consistent with their constitutional assignments. 
2 E. J. Bourne and L. F. Wiggins, J. Chem. Soc., 1944, 517. 
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The mass spectral fragmentation patterns summarised 
in Table 1 for the 2,3:4,5-diacetal (9), the 2,5:3,4-diacetals 
[(10) and (12)], and the 2,4:3,5-diacetals [(11) and (13)] 
are accounted for in Schemes 1-3, respectively.  
185° at 2 mmHg. The crystalline isomer was charac-
terised as methyl 2,4:3,5-di-0-methylene-D-ribonate (15) 
on the basis of its 1H n.m.r. spectrum, which exhibits two 
anisochronous AB systems each with JkB 62 Hz (six- 
TABLE 1 
Mass spectral fragmentation patterns (m/e values) for the 4,4'-bis-1,3-dioxolans, the cis-fused 3,4,8, 10-tetraoxa- 
bicyclo[5.3.0]decanes. and the trans-fused 2,4,7,9-tetraoxabicyclo[4.4.0]decanes 
Compound M' a1 a1 b1 b2 d 1 d 1 d3 	e f1 f3 f3 f1. f h1 h1 
 262 131 131 261 203 173 
 262 261 231 203 173 144 143 85 
(5) 103 103 205 175 145 
(6) 205 175 175 145 116 115 85 
(7) 117 117 233 189 159 
(8) 233 203 189 159 130 129 85 
(9) 204 131 73 203 173 145 115 89 	174 
(10) 204 203 173 145 115 144 85 86 85 
(11) 204 203 145 115 174 144 143 85 73 131 
(12) 176 175 145 145 115 116 115 85 86 85 
(13) 176 175 145 145 116 146 116 115 85 73 103 
 204 203 173 145 115 174 116 115 85 73 131 
 204 203 173 145 115 144 85 86 85 
 176 145 145 115 116 115 85 86 85 
(C) The ribo Series.—Of the three possible constitu-
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SCHEME 2 Mass spectral fragmentation patterns for cis-fused 
3,5,8, 10-tetraoxabicyclo[5.3.0]decanes 
shown in Figure 2, two were isolated from the acid- 
catalysed methylenation, one as a crystalline compound 
with m.p. 11.6-117°, and the other as an oil, b.p. 175— 
membered rings) for the constitutionally heterotopic dioxy-
methylene groups. The non-crystalline isomer was 
characterised as methyl 2,5:3,4-di-0-methylene-D-ribon-
ate (16), since its two constitutionally heterotopic dioxy-
methylene groups give rise to two anisochronous AB sys-
tems, one with JAB  <10 Hz (five-membered ring) and 
the other with JAB  67 Hz (seven-membered ring). 
CHjOH 	 CH0H 
H1 	 H: 
r 04or o 
H 
(13) 	 1171 
Although the corresponding ribitol derivatives were 
not prepared by reduction of the diacetals (15) and (16), 
ribitol itself was subjected to acid-catalysed mthylen-
ation and 1,3:2,4-di-0-methylene-DL-ribitol 3 (17) was 
isolated as the sole product. The mass spectrum of this 
compound was almost identical with that of 2,4:3,5-di-0-
methylene-D-arabinitol (13). 
The mass spectral fragmentation patterns summarised 
in Table 1 for the 2,4:3,5-diacetals [(15) and (17)] and the 
2,5:3,4-diacetal (16) are accounted for in Schemes 2 and 3, 
respectively. 
Conformational Behaviour of the cis-F used 3,5,8,10-
Tetraoxabicyclo[5.3 .0]decanes. Molecular models of di-
methyl 2,5:3,4-di-0-methylenegalactarate (3) and 1,6-di-
0-methyl-2,5:3,4-di-0-methylenegalactitol (8) indicate 
that the substituents on C-2 and -5 can only assume 
equatorial orientations in the gauche ,gauche conformation 
(18). In the gauche ,anti conformation (19) one of the two 
substituents must be axial whereas in the anli,anti con-
formation (20) the two axial substituents enter into severe 
non-bonded interactions with each other. Thus, one 
R. M. Hann and C. S. Hudson, J. Amer. Chem. Soc., 1944, 68, 
1906. 
678 
predicts that the gauche ,gauche conformation (18) should 
be preferred for the diacetals (3) and (8). Since the 1,3- 
dioxepan ring will most likely adopt a relatively stable 
R 0:1 03 
-HCHOI 	
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SCHEME 3 Mass spectral fragmentation patterns for trans-fused 
2,4, 7,9-tetraoxabicyclo[4.4.OJdecanes 
twist-chair conformation, 4 the conformational behaviour 
of (3) and (8) is probably best described (Figure 3) by a 
rapid equilibrium between enantiomeric gauche,gauche 
conformations in which the average torsion angle involv-
ing the vicinal protons on C-2 and -3 (and on C-4 and 
-5) is Ca. 900, The fact that J0,3 ( J4,) is close to 0 in 
the 'H n.m.r. spectra of (3) and (8) strongly suggests that 
both compounds exist predominantly in the gauche ,gauche 
conformation [(18) and Figure 3] in solution. 
In methyl 2,5:3,4-di-0-methylene-D-arabinonate (10), 
the methoxycarbonyl substituent on C-2 can occupy an 
equatorial position in either the gauche,gauche (21) or the 
gauche,anti (22) conformation. On the basis of the vicinal 
coupling constant data (Table 2) obtained by comput-
ation (LAOCOON II) from the 'H n.m.r. spectrum of (10) 
' T. B. Grindley, J. F. Stoddart, and W. A. Szarek, J. Chem. 
Soc. (2), 1969, 172, 623; J. F. Stoddart and W. A. Szarek, ibid., 
1971, 437. 
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in deuteriochioroform, the gauche,gauche conformation 
(21) appears to be favoured although a small contribution 
r:> K% 0 
(1) 
















R:CO 2Me or CHjOMe 
FIGURE 3 Conformational inversion in the gauc/ze,gauclie con-
formation (18) of dimethyl 2,5:3, 4-di-O-methylenegalactarate 
(3) and 1 ,6-di-O-methyl-2.5:3,4-di-O-rnethylenegalactitol (8) 
to a conformational equilibrium from the gauche,anU 
conformation (22)—or, for that matter, from other con-
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In methyl 2,5:3,4-di-0-methylene-D-ribonate (16) a 
gauche ,gauche conformation would demand an axial 
methoxycarbonyl substituent whereas the gauche,anti 
TABLE 2 
Vicinal coupling constants and the corresponding approxi-
mate torsion angles deduced from the Karplus relation-
ship 5 for methyl 2,5:3,4-di-0-methylene-o-arabinonate 
(10) 
Protons f/Hz Torsion angle (°) 
2,3 1'3 60-70 
3,4 7'5 15-25 
4,5 0'0 80-100 
4,5' 55 30-40 
(23) and anti,anti (24) conformations allow it to assume 
an equatorial orientation. The 1H n.m.r. spectrum of 
(16) exhibited too many coincident peaks to permit 








o,,>o H 	H 
H H 	 H H 
(2)3 	 (22) 
H!!
, H5 14 5 1 
H3 H 
CO7Me 
0 	 /HHc H  MeO2C H2 °ç 
H H 	 H H 
(23) 	 (2) 
detailed analysis. However, a spectrum with consider-
able first-order characteristics was obtained on addition 
of 103 mol. equiv. of Eu(fod) 3 without any apparent 
changes in vicinal coupling constants having occurred 
during the progressive stepwise addition of the shift 
reagent. Analysis of the vicinal coupling constants (Table 
3) with the aid of a computer program (LAOCOON II) 
TABLE 3 
Vicinal coupling constants and corresponding approximate 
torsion angles deduced from the Karplus relationship 6 
for methyl 2,5: 3,4-di-O-methylene-n-ribonate (16) 
Protons 	f/Hz 	Torsion angle (°) 
2,3 7'0 140-160 
3,4 	 l'O 	 60-65 
4,5 2'5 50-60 
4,5' 	2'5 	50-60 
indicates that the gauche,anti conformation (23) of 
methyl 2,5:3,4-di-0-methylene-D-ribonate (16) is probably 
highly populated. 
It is convenient to refer to cis-fused 3,5,8,10-tetraoxabj-
cyclo[5.3.0]decanes, trans-fused 2,4, 7.9-tetraoxabicyclo[4.4.O]-
decanes, and 4,4-bis-1,3-dioxolans as ' 7/5,' ' 6/6,' and '5-5' 
isomers, respectively. 
Relative Thermodynamic Stabilities of' 7/5,' ' 6/6,' and 
5-5 Isomers. *—Although it did not prove practicable 
to analyse the reaction mixtures obtained on acid-
catalysed methylenation of dimethyl galactarate, methyl 
D-arabinonate, and methyl D-Ilbonate by g.l.c., isomer 
ratios based on yields (see Experimental section) were 
considered to reflect, at least approximately, the situation 
which pertains under conditions of thermodynamic 
control, In Table 4, isomer ratios obtained in the 
TABLE 4 
Ratios of the ' 7/5,' ' 6/6,' and ' 5-5 ' isomers obtained on 
acid-catalysed methylenation of dimethvl galactarate, 
methyl n-arabinonate, methyl D-ribonate, and eryth-
ritol 
Isomer ratios 
'7/5' : '6/6' : '5-5' 
32 	0 : 68 
54 : 	24 : 	22 
8 	: 92 	: 0 
9 : 	91 : 	0 
ee Experimental section). 6 By g1c, 
galacto, arabino, and ribo series are compared with that 
already obtained' for the erylhro configuration. 
The first significant observation is that the relative 
thermodynamic stabilities of the' 7/5 'and' 6/6 'isomers 
are almost identical in the erythro and nba series. While 
the' 6/6 'isomer (15) has an equatorial methoxycarbonyl 
group associated with its trans-decalin-like conformation 
(24), the ' 7/5 ' isomer (16) must contain at least one anti 
fragment in order to accommodate the 
methoxycarbonyl group equatoriauy. This is borne out 
by the vicinal coupling constant data (Table 3) com-
puted from the 1 H n.m.r. spectrum of (16) which indicates 
CO2Me CO2Me 	 H /0 z:7 /: /:i:7 
CO2Me 	 CO2Me 
(24) 	 (25) 	 (26) 
that the gauche,anti conformation is highly populated. 
Thus, anti -0-Cl 	fragments do not appear to con- 
stitute a net destabilising influence in the ' 7/5 ' isomers 
(1) and (16). 
If methyl 2,5:3,4-di-0-methylene-D-arabinonate (10) 
adopts f a trans-decalin-like conformation (25), then the 
methoxycarbonyl must occupy the axial position. This 
feature clearly destabilises the ' 6/6 ' isomer with respect 
t The vincinal coupling constants obtained from comparison of 
the 'H n.mn.r. spectrum of (10) with computed (LAOCOON 11) 
spectra have values <25 Hz (see Experimental section). It is 
difficult to reconcile these low values with a trans-decaljn-like 
conformation, or, for that matter, with any conformation. A 
convincing explanation for this observation is not apparent. 
J. F. Stoddart, 'Stereochemistry of Carbohydrates,' Wiley, 






Based on yields (5 
(see Part Ii). 
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to the' 7/5 'and' 5-5 'isomers and this is reflected in the 
isomer ratios (Table 4). In dimethyl 2,4:3,5-di-0-
methylene-galactarate (4) a trans-decalin-like conform-
ation (26) would have to carry two axial methoxycarbon-
yl groups. Not surprisingly, this compound was not 
obtained from the acid-catalysed methylenation of di-
methyl galactarate. However, both the '7/5' and 
'5-5' isomers were isolated (Table 4) and characterised. 
Although the '7/5' isomers in the arabino and galacto 
series both adopt gauche ,gauche conformations [(18) and 
(21)], the absence of any strong stabilising gauche 
oxygen-oxygen interaction is indicated by the com-
petitive formation of '5-5' isomers. 
Thus, the conclusion drawn 1  in Part I can be echoed. 
There is no evidence that vicinal oxygen substituents are 
a stabilising feature in any of the compounds discussed in 
this paper. 
EXPERIMENTAL 
General methods are described in Part I.' 
Dinzetlzyl 2,3:4,5- (2) and 2,5:3,4- (3) Di-O-melhylene-
galactarale.-Concentrated sulphuric acid (6 ml) was added 
to a mixture of dimethyl galactarate (100 g) and para-
formaldehyde (100 g) and the mixture was set aside for 3 
days at room temperature. Methanol (180 ml) was added 
and the mixture was refluxed for 2 h. After cooling, the 
solution was neutralised with barium carbonate. Methanol 
was removed under reduced pressure and the white residue 
was extracted with chloroform. Removal of the chloroform 
gave the crude product (6-0g). T.l.c. indicated the presence 
of three main components. Rp 086, 040, and 024 in ethyl 
acetate-light petroleum (b.p. 60-80°) (1: 1 v/v). A por-
tion (3.0 g) of this product was chromatographed on a silica 
gel column (75 x 25 cm) with ethyl acetate-light petroleum 
(b.p. 60-80°) (1: 1 v/v) as eluant to give three fractions. 
Fraction 1, on recrystallisaticn from ethyl acetate-light 
petroleum (b.p. 60-80°), yielded needles of the 2,3:4,5-
diacetal (2) (1.05 g), m.p. 106-107° (Found: C, 4595; H, 
5'5%; M, 262. C,0H,408 requires C, 45•8; H, 54%; 
M, 262), v., 1735 cm' (CO 2i'Ie), (220 MHz; CDC1 3 ) 476 
and 494 (4H, AB systems, JAB  <10 Hz, 2,3:4,5-0CH 2 .0), 
5.39 and 573 (411, AA'BB' system, J&i' 55, JBB'  0, J, = 
JA'B' = 4.0 Hz, H-2, -3, -4, and -5), and 622 (OH, s, 
2 x CO2Me). 
Fraction 2 (40 mg) had m.p. 97-101°. The mass and 'H 
n.m.r. spectra showed that it was not a diacetal. It was not 
investigated further. 
Fraction 3, on recrystallisation from ethyl acetate-light 
petroleum (b.p. 60-80°), yielded needles of the 2,5:3,4-
diacetal (3) (500 mg), m.p. 162-163 0 (Found: C, 456; H, 
5.12%; M, 262), VL  (Nujol) 1750 cm-1 (CO,Me), r (100 
MHz; CDC),) 456 and 552 (2H, AB system, JAB  7•5 Hz, 
2•5-0CH 2 O), 473 and 520 (211, AB system, JAB <1•0 Hz, 
3,4-0CH,'O), 5•69br (2H, s, H-2 and -5), 520br (211, s, H-3 
and -4), and 616 (611, s, 2 x CO2Me). 
2,3:4,5-Di-0-niethylenegalactitol (5) .-Dimethyl 2,3:4, 5-di-
O-methylenegalactarate (2) (560 mg) was added to a suspen-
sion of lithium aluminium hydride (600 mg) in dry tetra-
hydrofuran (50 ml) and the mixture was refiuxed for 6 h. 
Excess of lithium aluminium hydride was destroyed by care-
ful addition of water to the cooled mixture. The inorganic 
material was filtered off and the tetrahydrofuran was re- 
moved under reduced pressure to give the crude product, 
which was dissolved in chloroform, dried (Na,SO 4), and left 
to crystallise. Recrystallisation from chloroform yielded 
pure 2,3:4,5-di-0-melhylenegalaclitOl (5) (303 mg, 69%), 
m.p. 100-102° [Found: C, 470; H, 73%; (M - H), 
205. C8H 1406 requires C, 466; H, 6.85%; M, 206], v,, 
(Nujol) 3520 cnf' (OH), T (100 MHz; CD,SOCD,-D,O) 507 
and 510 (4H, AB systems, JAB  <10 Hz, O'CH,O), and 
597670 (811, AA'BB'XX'YY' system, which has not been 
analysed). 
2,5: 3,4-Di-O-methylenegalaclitol (6) .-Dimethyl 2,5: 3,4-di-
O-methylenegalactarate (3) (450 mg) was refluxed for 6 h 
with lithium aluminium hydride (500 mg) in tetrahydrofuran 
(40 ml). The crude product was isolated as described for 
the 2,3:4,5-diacetal (5). Recrystallisation from chloroform 
gave 2,5:3,4-di-0-methylenegalactitol (6) (150 mg, 42%), 
m.p. 160-162° [Found: C, 449; H, 7.1%; (M - H), 
205], Vm  3520 (OH, T (100 MHz; CD,SOCD,) 5- 02 and 5- 56 
(2H, AB system, JAB 7.3 Hz, 2,5-0.CH,.0), 501 and 526 (2H, 
AB system, JAB  <10 Hz, 3,4-0.CH 2 0), 578 (2H, s, H-3 
and -4), 629 and 647 (6H, AB, system, JAB 67 Hz, H-2 and 
-5, and 2 x CH.-OH), and 606br (211, s, 2 X OH). 
1 ,6-Di-O-methyl-2, 3 :4,5-di-O-metliylenegalactitol (7).-
2,3:4,5-Di-0-methylenegalactitol (5) (175 mg) was dissolved 
in dimethylformarnide (3 ml) and methylated with methyl 
iodide (3 ml) and silver oxide (350 mg) at room temperature 
for 48 h. Silica gel chromatography gave the dimethyl 
ether (7) as a crystalline (from methanol) compound (58 
mg, 29%), m.p. 58-60 0 [Found: C, 514; H, 7.5%; 
(M - H), 233. C 10H,506 requires C, 513; H, 775%; 
M, 234], r (100 MHz; CDC1 3) 499br (411, S. OCH,O), 
576596 (2H, m, H-2 and -5, 607-626 (211, m, H-3 and 
-4), 630-656 (411, m, 2 x CH2OMe), and 659 (OH, s, 
2 x OMe). 
1, 6-Di-O-melhyl-2,5: 3,4-di-O-methylenegalactilol 	(8).- 
2,5:3,4-Di-0-methylenegalactitol (140 mg) was methylated 
as described for the 2,3:4,5-diacetal (7) to give the dimethyl 
ether (8) as a crystalline [from light petroleum (b.p. 60-80°)] 
compound (33 mg. 24%), m.p. 69-71 0 [Found: C, 51•2; 
H, 7.6%; (M - H), 233], (100 MHz; CDCI,) 478 and 
550 (211, AB system, JAB  75 Hz, 2,5-0CH2 0), 480 and 
512 (2H, AB system, JAB  <10 Hz, 3,4-0.CH 2'O), 578 (2H, 
s, H-3 and -4), 621 and 636 (6H, A13 2 system, JAB  62 Hz, 
H-2 and -5, and 2 CHOMe), and 660 (611, s, 2 x OMe). 
Methyl 2,3:4,5- (9), 2,5:3,4- (10), and 2,4:3,5- (11) Di-O-
tnethylene-D-arabinonate.-Methyl D-arabinoflate (5.0 g) 
was mixed into a paste with paraformaldehyde (5.0 g) and 
concentrated sulphuric acid (30 ml). The mixture was set 
aside at room temperature for 3 days before being refluxed 
with methanol (100 ml) for 1 h. On cooling, the solution 
was neutralised with barium carbonate and the methanol 
was distilled off under reduced rressure to give a residue 
which was extracted with chloroform. Removal of the 
chloroform gave a yellow syrup (4.0 g) and t.l.c. indicated 
the presence of three components, RF  0•54, 033, and 012 in 
chloroform. A portion (2.75 g) of this product was chrom-
atographed on a silica gel column (75 x 25 cm) with ethyl 
acetate-light petroleum (b.p. 60-80 °) (1: 3 vfv) as eluant, 
to give three fractions. 
Fraction 1, on vacuum distillation, yielded methyl 
2,3:4,5-di-O-methylene-n-arabinonate (9) as an oil (210 mg), 
b.p. 150-160° at 2 mmHg, []D +37 ° (c 152 in CHC1,) 
(Found: C, 48-4; H, 6.25%; 2040630. C811 120 
requires C, 471; H, 59%; M, 204.0633), 'r (100 MHz; 
CDC],) 481, 491, 496, and 515 (4H, 2 AB systems, both 
1975 
with JAB  <10 Hz, 2,3- and 4,5-0'CH 2'O), 544 (1H, d, H-2), 
680-6'10 (4H, m, H-3, -4, '-5, and -5'), and 6'21 (3H, s, 
CO2Me). 
Fraction 2, on recrystallisation from ethyl acetate-light 
petroleum (b.p. 60_800),  gave methyl 2,5:3,4-di-0-methyl-
ene-D-arabinonate (10) (527 mg), m.p. 100-103° (lit., 2 99-
100°), [Z)D  -73.5° (c 156 in CHC1) 3 [lit., 2 -75'2° (in CHCI 3)] 
(Found: C, 47'2; H, 5'85%; M, 204), T (220 MHz; 
CDCI3) 474 and 5.07 (2H, AB system, JAB <10 Hz, 3,4-
O'CH2'0), 4'81 and 5'48 (211, AB system, JAB  6'7 Hz, 2,5-
0CH2'O), 538 (1H, q, J23 l'3,  J 7'5 Hz, H-3),5-62 (1H, d, 
J2.3 1-3 Hz, H-2), 5'70 (IH, m, J34 75,  J4.5 ' 5-5 , J4,5 0 Hz, 
H-4), 5'74 (111, J45' 55,  J55' 11'0 Hz, H-5'), 6'29 (111, m, 
J 0,  J55' I1'0 Hz, H-5), and 6'15 (31-I, s, CO 2Me). 
Fraction 3, on recrystallisation from ethyl acetate-light 
petroleum (b.p. 60-80°), gave methyl 2,4:3,5-di-0-methyl-
ene-D-arabinonate (11) (233 mg), m.p. 200-202° (lit,,2 
200-201°), [JD -33'8° (c 1'58 in CHCI 3) flit., 2 -31'l° 
(in CHCI 3)) (Found: C, 46'9; H, 5'8%; 204), r (220 
MHz; CDC1 3) 4'67, 4'83, 5'18, and 5'25 (4H, 2 A systems, 
both with JAM  6.3 Hz, signals for A protons broadened by 
long-range coupling to H-2 and -5eq, 2,4- and 3,5-0CH 2'0), 
5'65 (1H, d, J23  2'2 Hz, H-2), 5'80 (lH, dt, J4 2'5, 
12'6 Hz, H-Seq), 5'95 (1H, t, J34  2'5, J4q  2'5, 
J4, 2'5 Hz, H-4), 6'15 (1H, dd, 2'5, J55eq  12'6 Hz, 
H-Sax), 6'16 (3H, s, CO 2Me), and 6'35 (11-11  t,  J23 2'2,  J34 2'5 
Hz, H-3). 
2,5:3,4-Di-0-methylene-n-arabinitol ( 12) .-Methyl 2,5:3,4-
di-0-methylene-D-arabinonate (10) (150 mg) was added to a 
suspension of lithium aluminium hydride (300 mg) in dry 
tetrahydrofuran (15 ml) and the mixture was refluxed over -
night. Excess of lithium aluminium hydride was destroyed 
by careful addition of water (2 ml) to the cooled mixture. 
The clear tetrahydrofuran layer was decanted from the 
inorganic material, which was extracted successively with 
ether (3 x 15 ml) and chloroform (15 ml). The combined 
organic layers were dried (MgSO 4) and evaporated under 
reduced pressure to give a white solid residue, which, on re-
crystallisation from ethyl acetate-light petroleum (b.p. 
60-80°), yielded 2,5: 3,4-di-O-niethylene-o-arabinitol ( 12) 
(66 mg, 51%), m.p. 131-134°, []D  -34'1° (c 0'92 in CHCI,) 
(Found: C, 47'3; H, 6.8%; Mr', 176. C7 H120, requires 
C, 47'7; H, 6.85%; M, 176), (100 MHz; CDCI,) 4'77 and 
5'14 (2H, AB system, JAB  <l'O Hz, 3,4-0'CH 2 0), 4'92 and 
5'48 (211, AB system, JAB  6'5 Hz, 2,5-0'CH 2'O), 5'60-6'60 
(711, complex spin system, H-2, -3, -4, -5, and -5', and 
CH2OH), and 775 (1H, s, OH). 
2,4:3,5-Di-0-methylene-n-arabinitol ( 13).-This was pre-
pared from methyl 2,4:3,5-di-0-methylene-D-arabinonate 
(11) (106 mg) by a procedure similar to that described for the 
2,5:3,4-diacetal (12). Recrystallisation of the crude product 
from ethyl acetate gave needles of 2,4:3,5-di-0-methylene-n-
arabinitol (13) (50 ing, 55%), m.p. 204° with sublimation, 
[]D -20'3° (c 1'4 in Me 2SO) (Found: C, 47'6; H, 7'05%; 
M, 176), 'r (100 MHz; CD 3SOCD 3) 4.97, 5'04, 5'26, and 
6'32 (4H, 2 AB systems both with JAB 6'0 Hz, 2,4- and 3,5-
O'CH 2 'O) and 5'94-6'82 (8H, complex spin system, H-2, 
-3, -4, -5eq, and -Sax, CH 2 'OH, and OH). 
Methyl 2,4:3,5- (15) and 2,5:3,4- (16) Di-O-,nethylene-n-
ribonate.-Methyl D-rlbonate (5.0 g) was mixed into a paste 
with paraformaldehyde (5'0 g) and concentrated sulphuric 
acid (3 ml). The mixture - at room 
temperature and the crude product was isolated as described 
previously in the galaclo and arabino series. T.1.c. indicated 
the presence of four components, Rp 0'69, 0'58, 0'45, and 0'25  
in ethyl acetate-light petroleum (b.p. 60-80°) (3: 7 v/v). 
Chromatography on a silica gel column (75 x 2'5 cm) 
with ethyl acetate-light petroleum (b.p. 60-80°) (3: 7 v/v) 
as eluant gave four fractions. 
Fraction 1, on recrystallisation from light petroleum (b.p. 
60-80°), yielded methyl 2,4:3,5-di-0-methylene-n-ribonate 
(15) (260 mg), m.p. 116-117°, []D  -14'7° (c 1'66 in CHCI,) 
(Found: C, 47'1; H, 6.0%; M, 204. C8H,,06 requires 
C, 471; H, 5'9%; M, 204), r (100 MHz; CDC1,) 4'91 and 
520 (211, AB system, JAB  6'0 Hz, 2,4-0'CH 2 .0), 4-99 and 
5'31 (211, AB system, JAB  6'4 Hz, 3,5-0CH,'O), 5'70-6'00 
(211, m, H-2 and -5eq), 6'19 (311, s, CO 2Me), and 6-29-6'49 
(311, m, H-3, -4, and -5ax), [100 MHz; Eu(fod) 3 (33.1 mg) 
and compound (15) (14.0 mg) in CDCI 3 (0'4 ml)] - 1'54 (lH, 
d, J23 10.0 Hz, H-2), 0'43 and 1'33 (2H, AB system, JAB  6'0 
Hz, 2,4-0'CH,'O), 0'87br (1H, t, J2.3 10 ' 0 1 J34 9'0 Hz, H-3), 
2'86 and 3'40 (211, AB system, JAB 6'4 Hz, 3,5-0CH 2'0), 
3'19 (IH, sextet, J34 10'0, J4, 9'0, J1 . 5,q 5'0 Hz, H-4), 4'32 
(311, s, CO 2Me), 4.43 (JH, q, J4,6eq  5'0 Hz, J&ax.5eq 13-0 Hz, 
H-5eq), and 5'10 (111, t, J5a 9'O, Jieq.iax  13'0 Hz, H-Sax). 
Fraction 2 was a pale yellow liquid. Its mass and 'H 
n.m.r. spectra indicated that it was not a diacetal; it was 
not investigated further. 
Fraction 3, on vacuum distillation, yielded methyl 2,5:3,4-
di-0-methylene-D-ribonate ( 16) as an oil (21 mg), b.p. 175-
185° at 2 mmHg, [al,, -59'5° (c 1'15 in CHCI,) (Found: 
M', 204'0634. C8H 1206 requires M, 204.0628), 'r (100 
MHz; CDC1 3) 4'93 and 5'00 (2H, AB system, JAB < 1'0 Hz, 
3,4-0'CH2'O), S'lO and 5'37 (2H, AB system, JAB 56 Hz, 
2,5-0'CH 2.0), 5'24br (JH, t, H-4), 5'34-5'48 (211, m, H-2 
and -3), 6'08-6'33 (2H, m, H-5 and -5'), and 6'67 (3H, S. 
CO,Me), 'r [100 MHz; Eu(fod) 3 (43.9 mg) and compound (16) 
(8'4 mg) in CDCI, (04 ml)] -2'44 and 1'30 (211, AB system, 
JAB  5'6 Hz, 2,5-0CH2'O), -0'12br (211, S. 3,4-0'CH 2'0), 
2'29br (111, t, J,4 l'O,  J45 = J,. = 2'5 Hz, 11-4), 3'23br 
(111, d, J23 7'0 Hz, H-2), 3'27br (111, d, J23  7'0,  J 1'0 Hz, 
11-3), 3'91 (lH, dd, J45. 2'5,  J5.' 11'0 Hz, H-5'), and 4'12 
(111, dd, J4.5 2'5,  J,,' ll'O Hz, H-5). 
'Fraction 4 was a pale yellow liquid. Spectroscopic 
examination indicated it was not a diacetal; it was not in-
vestigated further. 
1,3:2, 4-Di-O-methylene-DL-ribitol ( 17) .-Ribitol (30 g) 
was mixed into a paste with paraformaldehyde (3-0 g) and 
concentrated sulphuric acid (3 ml). The mixture was set 
aside for 4 days at room temperature before the acid was 
neutralised with sodium hydrogen carbonate. The mixture 
was extracted several times with chloroform and the com-
bined extracts were dried (Na 2SO4) and evaporated under 
reduced pressure. The residue was shown by t.1.c. to con-
tain three main components, RF 0'68, 0'43, and 0'27 in 
ethyl acetate-light petroleum (b.p. 60-80°) (1: 1 v/v). 
The crude product was chromatographed on a silica gel 
column (75 x 2'5 cm) with ethyl acetate-light petroleum 
(b.p. 60-80°) (1: 3 v/v) as eluant to give three fractions. 
Fractions 1 and 2 were both crystalline products and were 
recrystallised from ethyl acetate-light petroleum (b.p. 
60-80°); m.p.s 74-78 and 40-42°, respectively. Their 
mass and 'H n.m.r. spectra confirmed that they were not 
diacetals and so they were not investigated further. 
Fraction 3, on recrvstallisation from. ethyl acetate-light 
petroleum (b.p 60-80°)' gave 1,3:2,4-di-0-methylene-DL-
ribitol (17) (82 mg), m.p. 150° (lit.,' 149-151°) (Found: 
M, 176'0681. Caic. for C,H,,O,: M, 176.0685), t' (100 
MHz; CD,SOCD,-CDC1 3) 5-03,'5-06, 5'23, and 5'36 (4H, 
2 AB systems both with JAB  6'2 Hz, 1,3- and 2,4-0'CH,'O), 
682 	 J.C.S. Perkin I 
5•86-6•04 and 6•24-6•70 (7H, in the ratio 1: 6, m, H-leq, 
-lax, -2, -3, -4, -5, and -5'), and 674 (1H, s, OH). 
ADDENDUM 
Since the completion of the research described here and in 
Part I, the following 13C n.m.r. spectra have been obtained 
for representative samples of the three different systems 
(JEOL-PS-100 spectrometer with deuteriochioroform lock 
and tetramethylsilane as internal standard): (i) dimethyl 
2,3:4,5-di-0-methylenegalactarate (2), 6 (CDCl) 1706 (CO), 
968 (0'CH 2 O), 78•9 (C-2 and -5), 75.1 (C-3 and -4), and 
526 (CO,Me); (ii) dimethyl 2,5:3,4-di-0-methylenegalactar-
ate (3), 6 (CDC1 4) 1684 (CO), 982 and 966 (2 x 0CH20), 
808 (C-2 and -5), 780 (C-3 and -4), and 529 (CO 2Me);  
(iii) 1,3:2,4-di-0-methylene-erythritol, 6 (CDC1 4) 941 
(0•CH 2'O), 74•1 (C-2 and -3), and 684 (C-i and -4). 
While these results are consistent with the constitutional 
assignments already made on the basis of 'H n.m.r. spectro-
scopy, 13C n.m.r. spectroscopy appears to be less diagnostic 
of constitution. The chemical shift differences amongst 
dioxymethylerie carbon atoms in five-, six-, and seven-
membered rings are small. They are unlikely to be as 
reliable as geminal coupling constant data available from 
'H n.m.r. spectra. 
We thank Professor W. D. 011is, F.R.S., for creating the 
opportunity for us to pursue the research discussed here and 
in Part I. 
[4/1935 Received, 201h September, 19741 
-.. 
.1 
The Stereochemistry of 2,4- and 2,3- Disubstituted-y-butyrolaCtOfles 
By S. A. M. Tayyeb Hussain, W. David 011is,' Christopher Smith, and J. Fraser Stoddort, Department 




THE CHEMICAL SOCIETY 
PERKIN TRANSACTIONS I 
1975 
1480 J.C.S. Perkin I 
The Stereochemistry of 2,4- and 2,3-Disubstituted-y-butyrolactones 
By S. A. M. Tayyeb Hussain, W. David 011is,' Christopher Smith, and J. Fraser Stoddart, Department 
of Chemistry, The University, Sheffield S3 7HF 
Relative configurational assignments have been made to the 2.4-dimethyl- (7), 2.4-di-t-butyl- (8). 2,4-dipheny-
(9). 4-methyl-2-phenyl- (10). and 2-methyl-3-phenyl- (31) y-butyrolactones on the basis of the stereoselective 
synthesis of their c/s-isomers, from the corresponding disubstituted but-2-en-4-olides (2)—(5) and 2-methylene-
3-phenyl-y-butyrolactone (41) by hydrogenation over palladium. The characteristic features from the 'H n.m.r. 
spectra of the cis- and trans-isomers of (7)—(10) have been employed to assign relative configurations to the 
2-methyl-4-phenyl- (11). 2.4-diethyl- (12). 2-ethyl-4-methyl- (13). and 2-butyl-4-methyl- (14) y-butyro-
lactones. Equilibration studies on seven 2.4-disubstituted y-butyrolactones [(7)—(10) and (12)—(14)] indicate 
that (i) the free energy differences between cis- and trans-isomers are small, and (ii) the cis- is thermodynamically 
more stable than the trans-isomer in all cases. The opposite situation is true of the 2-methyl-3-phenyl-y-butyro-
lactones (31) where the trans-isomer is found to predominate at equilibrium. 'H N.m.r. spectroscopic data suggest 
that the conformational behaviour of the five-membered ring in 2.4-disubstituted y-butyrolactones is different 
for diastereoisomers but is not influenced to any great extent by the nature of the substituent groupings. 
THE constitutions of the natural products, rubrenolide 
(la) and rubrynolide (lb), isolated from the trunk wood 
of the Amazonian tree, Nectandra rubra (Mez) C. K. 
Allen 1  (Lauraceae), have been established 2  recently. 
In order to facilitate an investigation of the relative 
configurations associated with the substituents attached 
to the y-lactone rings in these compounds, it was decided 
to synthesise some model 2,4-disubstituted y-butyro-
lactones by stereoselective routes and examine their 




(1)aR = CH2=CH 
HCC 
RESULTS AND DISCUSSION 
The 2,4-dimethyl- (2), 4 2,4-di-t-butyl- (3),5  2,4-di-
phenyl- (4),68 4-methyl-2-phenvl- (5),9  and 2-methyl-
4-phenyl- (6) derivatives of but-2-en-4-olide were 
synthesised by standard procedures (see below and 
Experimental section). In all cases except one, hydro-
genation over palladium yielded preferentially (Table 1) 
one isomer of the corresponding 2,4-disubstituted y-
butyrolactone. Assuming that the hydrogenation pro-
ceeds by cis-addition from the least hindered side of the 
f Samples of these lactones were kindly provided by Professor 
C. Szántay, Technical University, Budapest. 
C. K. Allen, Mein. N.Y. Bot. Garden, 1964, 10 (5) 120. 
N. C. Franca, 0. R. Gottlieb, D. T. Coxon, and W. D. Ohs, 
J.C.S. Chem. Comm., 1972, 514. 
$ Preliminary communication, S. A. M. T. Hussain, W. D. 
011is, C. Smith, and J. F. Stoddart, J.C.S. Chem. Comm., 1974, 
873. 
C. Armengaud. Cornpt. rend., 1962. 254, 3696. 
K. B. Wiberg and T. W. Hutton, J. Amer. Chem. Soc., 1954, 
76, 5367. 
C E. P. Kohler and R. H. Kimball, J. Amer. Chem. Soc., 1933, 
55, 4632; E. P. Kohler, W. D. Peterson, and C. L. Bickel, ibid., 
1934, 56, 2000. 
P. Yates and T. J. Clark, Tetrahedron Letters, 1961, 435. 
8 H. H. Wasserman, R. M. Waters, and J. E. McKeon, Chem. 
and Ind., 1961, 1795. 
S. Eskola, Suonten Kern., 1959, 32B, 106. 
IO H. 0. House, 'Modern Synthetic Reactions,' 2nd edn., 
Benjamin, California, 1972, pp.  19-23.  
2,3-double bond,10 the major isomer was assigned 
(Table 1 and Scheme 1) the cis-configuration. 
TABLE 1 
Stereoselective hydrogenation (over Pd–BaSO 4) of 2,4- 
disubstituted but-2-en-4-olides in ethanol 
Mol. equiv. Isomer ratio 
Lactone of H 1 absorbed (cis : trans) 
 1'05 98:2k 
 1'05 .99: 
(4)' 05 88: 12 d. 
(5) 1'0 84:161 
(6)' 06 50:501" 
° See Scheme 1. 	b By 	g.1.c. 	(see Experimental section). 
Pd–C catalyst. d  Based on yields after column chromato- 
graphy on silica gel. 	'2,4-Diphenylbutyric acid " was also 
characterised " as a product. 	/ By 'H n.m.r. spectroscopy. 
U 2-Methyl-4-phenylbutyric acid was also characterised as a 
product. 
Mixtures of cis- (a) and trans- (b) isomers of 2,4-
dimethyl- (7),h1.12 2,4-di-t-butyl- (8), 2,4-diphenvi-
(9) 6,13-18 4-methyl-2-phenvl- (10),16 2-methyl-4-phenyl-
(11),19,20 2,4-diethyl- (12) ,21  2-ethyl-4-methyl- (13),t and 
2-but3, 1-4-methyl- (14) t y-butyrolactones were also 
synthesised by known procedures. Only in the case 
of the 2,4-diphenyl-y-butvrolactones (9) have the separ-
ation and characterisation of two isomers been re-
ported . 16-18 The assignment of relative configurations 
to the two isomers was based 16  on the somewhat 
dubious information provided by the magnitude of 
vicinal 'H n.m.r. coupling constants. In the present 
investigation, assignments are based on the stereo- 
11 E. Honkanen, T. Moisio, and P. Karvonen, Ada Chem. 
Scand., 1969, 23, 531. 
Is R. Trave and L. Garanti, Rend. isi Lombardo Sci., Pt. 1, 
Classesci. ,nat. enat., 1960, 94A, 309 (Chern. Abs., 1961, 55, 14324). 
13 F. Bergmann, H. E. Eschinazi, and D. Schapiro, J. Amer. 
Chem. Soc., 1942, 64, 557; H. M. Crawford, ibid., 1939, 61, 608. 
" W. Davey and D. J. Tivey, J. Chem. Soc., 1958, 1230. 
15 R. Anschutz and W. F. Montfort, Anna/en, 1895, 284, 1. 
18 R. N. Johnson, J. B. Lowry, and N. V. Riggs, Tetrahedron 
Letters, 1967, 5113. 
17  R. N. Johnson and N. V. Riggs, Austral. J. Chem., 1971, 24, 
1643. 
18 R. S. Givens and W. F. Oettle, J. Amer. Chem. Soc., 1971, 
93, 3301; J. Org. Chem., 1972, 37, 4325. 
29 0. Mumm and K. Brodersen, Ber., 1923, 56, 2295. 
O E. E. van Tamelen and S. H. Bach, J. Amer. Chem. Soc., 1955, 
77. 4683. 
1 S. Obata, J. Pharm. Soc. Japan, 1953, 73, 1295. 
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selective synthesis of a chosen number of key compounds 
(7)-.-_(11)] and these have been related to a wider range 
of compounds [(12)—(14)] by the characteristic features 
which emerge from an empirical evaluation of the 1H 
n.m.r. spectra of cis- and trans-isomers. 
In view of the confusion which exists in the literature 
regarding the identity of many of the compounds in 
Scheme 1 and the failure by most investigators to  
1481 
concentrated sulphuric acid at 1000 to yield the c43-
unsaturated lactone (2). 4  Treatment of the oxo-diester 
(15) with Ca. 6N-hydrochloric acid under reflux afforded 
the trisubstituted c43-unsaturated lactone (17) [character-
ised as its methyl ester (18)] in addition to 2-methyl-
4-oxopentanoic acid (16). Catalytic hydrogenation of 
the a43-unsaturated lactone (2) gave two compounds in 
the ratio 98: 2. The major product was assigned 
Hp R ) 	 H HH 








R' = R 2 = Me 	 (a) 	 (b) 
R 	 B u t Major 
Base 	
Minor 
(1.) R' R 2 = Ph 	 isomer 	 isomer 
(5) R 1 = PhR 2 	Me 
(6)R 1 :MeR 2 :Ph 	 (7)R 1 :R 2 :Me 
(6) R 1 = R 2 	B u t 
R 	R 2 	Ph 
R PhR 2 : Me 
(11 ) R' 	Me, R2 	Ph 
R 1 : R 2 	Et 
R 1 	EtR 2 	Me 
R 1 BuR 2 : Me 
ScHEME 
1 StereoseleCtive catalytic hydrogenation of 2,4-disubstituted but-2-en-4-olideS (2)—(6) and base-catalysed equilibration of 
2,4.disubstituted y-bu tyro] aCtOfleS (7)—(14) 
t B u 
B ut0 
(22) 
with hydrochloric acid, to afford 2-methyl-4-oxO- 
pentanoic acid (16), and (iii) dehydration of (16) with 
acetic anhydride containing glacial acetic acid and 
(Table 1) as cis_2,4dimethvl-y-bUtYr0laCtoflC (7a) and 
the minor product the trans-isomer (7b). 
Reduction of 2methy1-4-oxopentafloic acid (16) with 
sodium borohydride followed by acidification also gave 
the 2,4dimethyl-y-bUtYro1aCtoneS (7), which were 
TABLE 2 
Assignment of the ring proton signals in the 'H n.rn.r. 
spectra of cis - 2,4-disubstituted y-butyrolactoneS (a) 
Lactone 	H-2 	H-3a 	H-3 	
H-4 
(7a) 708-763 708-763 830-894 5.30....572 
(8a) 	7-55 1 	7 . 97 1 8 . 23 ,6 . 06 ,  
(7.57) b (824) 	(607) 
(9a) 	5 . 99 ,.d. 	696 ,d 	 7-04 
,d 	 448 °' 
(7.64) 1 (452) 1 
(lOa) 	615 d,Q 	 7.27 
d.g 	 802 a g 	522 d,g 
(ha) 7-14 728 g 818 g 
4-66' 
(12a) 7-28-776 7-28-776 7-84--878 550--588 
(13a) 7-46----780' 7-46-780 7-90--880" 5-46--580' 
{14a) 7.27-787 h 7-27-7-87 A 7-87-8-87 h 547-587 
Computed as a 4-spin system using LAOCOON II." 




a Qualitatively,  this assignment agrees with that of Johnson, 
Lowry, and Riggs. 16  'This signal disappears as a result of 
D–H exchange in CI)50D–CD3ONa. 1 From cis-2.3-dideuterio-
2.4dipheny1ybUtYr0lact0 (28a). o Computed as a 7-spin 
system (ring protons and Me group) using LAOCOON II." 
separated into their cis- (7a) and trans- (7b) isomers by 
g.1.c. Although the 2,4dimethyl-7-bUtYr0lact05 (7) 
have been prepared previously by similar 11 and 
different 12 routes, the separation of the isomers is 
22 C. Bischoff, Annalen, 1880, 206. 313. 
22 C. Pascual, D. Wegmanfl, U. Graf, R. Scheffold, P. F. Soin- 
mer, and W. Simon, Helv. C1im. Ada, 1964, 47, 213. 
separate and characterise cis- and trans-isomers, we 
shall now consider the synthesis, separation, and 
characterisation of each of the lactones (7)—(14). 
Synthesis, Separation, and Characterisation.—(a) 2,4-
Dimethvly-butyrOlaCt0fle5 (7). 2,4_DimethylbUt2en4-
olide (2) was obtained by the following sequence: (i) base-
catalysed condensation of ethyl 2-bromopropionate with 
ethyl acetoacetate to give the oxo-diester (15) 22 (ii) base-
catalysed hydrolysis of (15), followed by decarboxylation 
CO2Et 
MeCO.CHfH'CO2Et 	 MeCO CH 2 CftCO2H 




2 H Me 
R 	H 	 (19) R' 
	R 2 	D 
R - M e 
(20) R 1 = D,R 2 : H 
	 (21) R' : HR 2 	0 
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reported here for the first time. The assignment 
(Table 2) of the 'H n.m.r. signals of cis-2,4-dimethyl-y-
butyrolactone (7a) to the ring protons was aided by 
carrying out a catalytic reduction of the -unsaturated 
lactone (2) with deuterium gas. The 114 n.m.r. spectrum 
of the product was complex and indicated that it was 
a mixture of cis-2,3-dideuterio- (19), cis-2-monodeuterio-
(20), and cis-3-monodeuterio- (21) 2,4-dimethyl-y-butyro-
lactones. Nonetheless, the low-field multiplet could be 
assigned unambiguously to H-4. The 1 14 n.m.r. assign-
ments for the trans-lactone (7b) are given in Table 3. 
TABLE 3 
Assignment of ring proton signals in the 'H n.m.r. 
spectra of trans-2,4-disubstituted y-butyrolactones (b) 
Lactone 	H-2 	H-3 	H-33 	H-4 
(7b) 7.2-7-64 782-8-16 782-816 ° 528-564° 
(8b) 	7-63 b 	 795 b 	 7.99 b 	 5.94 
(9b) 608 b.c 718 -' 7-31 c 4.35 b.c 
(7.21) a 	 (4.36) d 
(lOb) 	6-1011, 	7-50 ' 7•68 c,e 	524 c, 
(lib) 7.34 7•60 	770' 446 
(12b) 7•27-7-62 7-86-8-06 7-86-8-06 5-42-5-76 
(13b) 7•39-770 	7-91-8-60 	7-91--8-60 ° 5-30-5-57 
(14b) 7'37-777° 7-91-8-15 7-91-815 5-29-5-67° 
In CCI4. b Computed as a 4-spin system using LAOCOON 
II. Qualitatively, this assignment agrees with that of 
Johnson, Lowry, and Riggs.18 d From /;-ans-2,3-dideuterio-
2,4dipheny1-y-butyrOlaCtOfle (28b). e Computed as a 7-spin 
system (ring protons and Me group) using LAOCOON IL 58 
2,4-Di-t-butyl-y-butyrolactOneS ( 8). 	U. ,, . irradi- 
ation of diazomnethyl t-butyl ketone gave 5 the 3y-
unsaturated lactone (22), which isomerised 5 to the 
-unsaturated lactone (3) on heating in basic solution. 
Catalytic hydrogenation of both unsaturated lactones 
yielded the same crystalline product . which was assigned 
(Table 1) as cis-2 ,4-di-t-butvl-y-butvrolactOrie (8a). 
Isomerisation under basic conditions gave a mixture of 
isomers from which the trans-lactone (8b) was isolated 
crystalline in low yield. 
Catalytic reduction of the 	- (3) and ç3y- (22) un- 
saturated lactones with deuterium gas to give the cis-
2,3-dideuterio- (23) and cis-3,4-dideuteri6- (24) 2,4-di-t--
butyl-y-butyrolactones permitted an unequivocal assign-
ment (Table 2) of the 'H n.m.r. signals of the cis-lactone 
(8a). The 'H n.m.r. assignments for the trans-lactone 
(8b) are given in Table 3. 
H But 
tR 2 V 	1 
Bu 	*jj.-R 	 PhCO•CH2CI-lPh 
RO'> 
(23)R 1 	R 2 	DR 3 H 	(25) X 	CN 
(24)R 2 R 3 DR 1 	H (26) X CO2Me 
(27) X 	CO2H 
2,4-Diphenyl-y-butyrolactoneS ( 9). 2,4-Diphenyl-
but-2-en-4-olide (4) was obtained by the following 
24 H. Ruppe and F. Schneider, Ber., 1895, 28. 957. 
" A. C. 0. Hann and A. Lapworth, J. Chem. Soc., 1904, 85, 
1355. 
26 A. Lapworth and E. Wechsler, J. Chem. Soc., 1910, 97, 38. 
27  M. S. Newman, J. Amer. Chen,. Soc., 1938, 60, 2947.  
sequence: (i) addition of hydrogen cyanide to benzyl-
ideneacetophenone to give the nitrile (25),14.15.18.24 
conversion of (25) into the methyl ester (26) ,6, 14, 15, 24, 27 
de-esterification of (26) to afford 4-oxo-2,4-diphenyl-
butyric acid (27) , 6. 1315. 18 . 24_27 and (iv) dehydration of 
(27) by refluxing with acetic anhydride to yield the 
-unsaturated lactone (4) ,6-8 m .p. 109-1101.14,15,26,29-32 
Catalytic reduction of (4) under conditions which 
permitted the absorption of 05 mol. equiv. of hydrogen 
afforded three products together with some starting 
material. One compound was identified as 2,4-diphenyl-
butyric acid 6,13  and was characterised previously 14 as 
the sole product of reduction following the absorption 
of 2 mol. equiv. of hydrogen by the e13-unsaturated 
lactone (4). Hydrogenolysis of the C(4)-O single bond 
obviously competes with hydrogenation of the 23-double 
bond. The other two reduction products were isolated by 
column chromatography on silica gel in yields corre-
sponding to an 88: 12 ratio. The major product was 
assigned (Table 1) as cis-2,4-diphenyl-y-butyrolactone 
(9a) 18  and the minor product as the trans-isomer (9b). 17"8 
This assignment agrees (cf. ref. 18) with that originally 
proposed 16  on the basis of 'H n.m.r. vicinal coupling 
constant data. 
Reduction of 4-oxo-2,4-diphenylbutvric acid (27) with 
sodium borohydride followed by acidification also gave 
the 2,4-diphenyl-y-butyrolactoneS (9), which were separ-
ated into their crystalline cis- (9a) and trans- (9b) isomers 
by column chromatography on silica gel (cf. ref. 18). 
The assignments (Tables 2 and 3) of the 'H n.m.r. 
signals of both these isomers were aided by catalytic 
reduction of the a-unsaturated lactone (4) with 
deuterium gas. Both cis- (28a) and trans- (28b) 2,3-
dideuterio-2,4-diphenv1-y-butvrolactofles were isolated 
and characterised. 
TABLE 4 
Chemical shifts (in p.p.m. from Me 4Si) for the ring carbon 
atoms in the 13C n.m.r. spectra of cis- (9a).and trans-
(9b) 2,4-diphenvl-y-butyrolactoneS and of the cis-2,3-
dideuterio-derivative (28a) 
&(CDCI 3) 
Compound 	C-1 	C-2 C-3 C-4 
176-3 47.5 40-4 1 79-1 1 
(28a) 	176-4 	47-8, 408, 78-8 
47'4. 40-0, 
47•O b 39-2 
176-9 	45•1 39-2° 78-8 1 
Assignments were confirmed by off-resonance decoupling. 
Triplets because of CD-coupling. 
Regarding the stereochemical evaluation of natural 
products containing 2 ,4-disubstituted y-butyrolactorme 
rings, 'C n.m.r. spectra of cis- (9a) and trans- (9b) 
2,4-diphenyl-y-butvrolactones were obtained in order to 
assess whether this spectroscopic technique was liable to 
28 C. F. H. Allen and R. K. Kimball, Org. Synth., 1943, Coll. 
Vol. II, p.  498. 
29 M. Robertson and H. Stephen, J. Chem. Soc., 1931, 863. 
" E. Yoshisato, M. Ryang, and S. Tsutsumi, J. Org. Che?n., 
1969, 34, 1500. 
31 F. G. Iladder and S. Sherif, J. Chem. Soc., 1960, 2309. 
32 R. Pummerer and E. Buchta, Bc;., 1936, 69, 1005. 
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be diagnostic of configurational differences. Com-
parison (Table 4) of the chemical shifts fqr the ring 
carbon atoms of (9a) and (9b) indicates that 13C n.m.r. 
is, in fact, less sensitive than is 'H n.m.r. spectroscopy to 
configurational differences. 
(d) 4_ethyl_2phenyl-y_6UtY70ladb0 	( 10). 	
4- 
Methyl2pheflylbUt2efl.4-0e (5) was obtained by 
the following sequence: (i) addition of hydrogen 
cyanide to henzylideneacetofle to give a nitrile which 
was hydrolysed in situ to yield 2phenyl4-OXoPefltafl0ic 
acid (29) , 36  and (ii) dehydration of (29) by refluxing 
with acetyl chloride to afford the non-crystalline c43-
unsaturated lactone (5),9 previously reported as a 
crystalline compound, m.p. 53037 Catalytic hydrogen-
ation of (5) gave two compounds in the ratio 84: 16. 
The major product was assigned (Table 1) as cis-4- 
(10a) and the minor 
as the trans-isomer (lob). This assignment of con-
figuration agrees with that previously proposed 
16 on 
the basis of 'H n.m.r. vicinal coupling constant data. 
heduction of 2phenyl4OXOpentan0c acid (29) with 
sodium borohydride followed by acidification also gave 
the (10). The non-
crystalline cis- (lOa) and trans- (lOb) isomers were 
separated by column chromatography on silica gel and 
the assignments of their 'H n.m.r. signals are given in 
Tables 2 and 3 respectively. 
50: 50 and were identified as the cis- (ha) and trans-
(1 lb) 2 methyl4pheflYlYbutYm0tones by comparison 
(Tables 2 and 3) of 'H n.m.r. spectra with those of the 
2,4diphenyIyhutYrOIactones (9) . A cis : trans ratio of 
50 : 50 probably does not reflect stereoselectivity of 
hydrogenation at the 2,3-double bond in view of the 
competing hydrogenolySis of the C(4)0 single bond of 
(ha and b) as well as of (6). 
Reduction of 	 acid 
(30) with sodium borohydride followed by acidification 
also gave the 2methyl4PhenylYhutYr0tones 
(11).1920 The non-crystalline cis- (ha) and trans- (lib) 
isomers were separated by column chromatography on 
silica gel. The 'H n.rn.r. assignments are given in 
Tables 2 and 3. 
An attempt to prepare the 2-methyl-4-phenyl-' 
butyrolactones by the method of van Tarnelen and 
Bach 20 resulted (Scheme 2) in the isolation and 
characterisation of the constitutionally isomeric 2- 
(31). Reaction of the 
diethyl malonate anion with styrene oxide 40 proceeds via 
both possible modes 41 of attack by the anion on the 
epoxide ring to give an approximately I 1 mixture of 2-
ethoxycarbOflYl-4-PhenY (32) and 2-ethoxycarbOflYl-3 
phenyl- (33) y-butyrolactofleS. The mixture of carb-
oxylic acids [(34) and (35)] obtained on acid hydrolysis 
was subjected to the sequence of reactions (Scheme 2) re-
ported by van Tamelen and Bach: 20 [(34) and (35)] —p-
[(38) and (39)] - 1(40) and (41)]. Compounds (40) 
and (41) were readily separated by column chromato-
graphy on silica gel and were assigned as 2-methylene-
4phenyl y-bUtyrOlactOne (40) and 2-methylefle-3-pheflYI-
y-butyrolactone (41) on the basis of their 'H n.m.r. 
spectra (see Experimental section). This assignment 
was confirmed by the following chemical means. 
Catalytic hydrogenation of (40) (uptake 05 mol. 
equiv.) afforded the isomeric c4-unsaturated lactone (6), 
tone (1 la), a trace of 
the trans-isomer (lib), and 2methyl-4-pheflylbutYric 
(e) 2_Methy1_4_phePiY1Vbl4tYT0lacb0s (
11). 2-Methyl- acid. The high stereoselectivitY exhibited during this 
4pheny1but-2-efl-4-olide (6) was obtained by the hydrogenation is surprising in view of (i) the lack of 
following sequence: (i) addition of hydrogen cyanide to stereoselectivity observed during the hydrogenation of 
ier, and (ii) the fact that the chiral 
crotonopheflone to give a nitrile which was hydrolysed (6) discussed earl  
in situ to yield 	
acid (30), centre at C(4) is p to the double bond in (40).* 
and (ii) dehydration of (30) by refluxing with acetic Catalytic hydrogenation of (41) with just less than 
anhydride 39 to afford the c
43-unsaturated lactone (6). 1 mol. equiv. afforded three compounds. One corn-
Catalytic hydrogenation of (6) under conditions which pound, present in small amounts, was characterised as 
permitted the absorption of 06 mol. equiv. afforded the isomeric c 3-unsaturated lactone (42) by 'H n.m.r. 
three products together with some starting material. spectroscopy (see Experimental section). The other 
One compound was identified as 2-methyl-4-phenyl- two products were present in the reaction mixture in the 
butyric acid, i.e. 
the product of hydrogenolYsis and ratio of 73 : 27. The major product was assigned as 
reduction. The other two were present in the ratio 
* The possibility that double bond isomerisatiOn. 
i.e. (40) 
—u- (6), is fast compared with hydrogenation of (40) to give 
(11) is ruled out because hydrogenation of (6) should lead to 
almost equal proportions of (ha) and (lib) as shown earlier. 
In fact, only a trace of the trans-isomer (hib) is found. 
33 S. Ruhemaflfl, J. Chem. Soc., 1904, 85. 1451. 
34 Huan, Dull. Soc. chj,n. France, 1938, 1341. 
311 M. W. Goldberg, W. R. Sullivan, and W. E. Scott, J. A ,ner. 
Chem. Soc., 1948, 70, 2810. 
PhCH'CH2COMe 	 MeCH.CH2COPh 







3 S. Eskola, Suomen Kern. 1956,29B. 39. 
H. Erdmann, Annalen, 1890, 254, 182. 
38 R. C. Fuson, R. F. Christ. and G. M. Whitman, J. Amer. 
Chem. Soc., 1936, 58, 2450. 
39  F. Ramirez and M. B. Rubin, J. Amer. Chem. Soc., 1955, 77, 
3768. 
40
G. V. Zyl and F. F. van Tamelen, J. Amer. Chem. Soc., 1950, 
72, 1357. 
-C. H. lJePuy, F. W. Breitbeil, and K. L. Fliers, J. Org. 
Chem., 1964, 29. 2810. 
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cis-2-methyl-3-phenyl-y-butYrOlaCtOfle (31a) and the 
minor as the trans-isomer (31b). 
Isomerisation of the exocyclic double bonds in the 
cL-methylene derivatives (40) and (41) appears to occur 
quite readily on palladium catalysts to give the con-
stitutionally isomeric x3-unsaturated lactones (6) and 
(31) with endocyclic double bonds. There is adequate 
precedent for double-bond isomerisation on hydrogen-
ation catalysts.'° 
2,4-Dielhyl-y-butyrolactones ( 12). A mixture of the 
cis- (12a) and trans- (12b) isomers of 2,4-diethyl-y-
butyrolactone was obtained by a published procedure 21 
involving: (i) a Reformatsky reaction between ethyl 
2-bromobutyrate and butyraldehyde to yield ethyl 
2-ethyl-3-hydroxyhexanoate (43), and (ii) acid-catalysed 
dehydration of this p-hydroxy-ester (43) to afford the 
2,4-diethyl-y-butyrolactones (12). The isomers were 
partially separated by column chromatography on silica 
gel before being purified by preparative g.l.c. Con-
figurations were assigned to the two isomers on the basis 
of a comparison (Tables 2 and 3) of their 'H n.m.r. 
spectra with those of cis- (7a) and trans- (7b) 2,4-di-
methyl-y-butvrolactones. 111 N.rn.r. assignments are 
given in Tables 2 and 3. 
Et 
EtCH V CHHCO2Et 
OH 
(/.3 
2-Ethyl-4-methyl- ( 13) and 2-butyl-4-rnetjzyl- (14) 
-butyrolactones. Both these lactones were separated 
into their cis- and trans-isomers by preparative g.l.c. 
In each case, configurations were assigned on the basis 
of a comparison (Tables 2 and 3) of 1 11 n.m.r. spectra 
with those of the 2,4-diniethyl- (7) and 2,4-diethyl- (12) 
y-butyroiactones. 'H N.m.r. assignments are given in 
Tables 2 and 3. 
Equilibration. Studies.-Base-catalysed equilibrations 
were performed on seven 2,4-disubstituted-y-butyro-
lactones [(7)-(10) and (12)-(14)]. The results (Table 
5) indicate that (i) the free energy differences between 
cis- and trans-isomers are small, and (ii) the cis- is 
thermodynamically more stable than the trans-isomer 
in all cases. Apart from the 2,4-di-t-butyl-y-butyro-
lactones (8), the free energy differences lie within 024 
kcal mbi of each other. This suggests that sub-
stituent effects are small and that only when substituent 
groups are large (e.g. t-butyl) do they influence the 
position of equilibrium. 
The conformational behaviour of five-menbered rings 
is generally accepted to be more complex and less well 
understood than that of six-membered rings. The 
42 J E. Kilpatrick, K. S. Pitzer, and R. Spitzer. J. Amer. 
Chem. Soc., 1947, 69, 2483: J. P. McCullough, J. Chem. Pizys., 
1958, 29, 966; K. S. Pitzer and W. H. Donath, J. Amer. Chem. 
Soc., 1959, 81, 3213: J. B. Hendrickson, ibid., 1961, 83, 4537; 
1964, 86, 4854; 1967, 89, 7036. 
" C. Altona, H. R. Buys, and H. Havinga, Rec. Tray. c/urn., 
1966, 85, 973.  
reason for this is thought to be associated with the 
flexible nature of five-membered rings which permits 
rapid pseudorotation 42 involving interconversion of 
numerous conformations of similar energies. However, 
in 2,4-disubstituted-y-butvrolactones, pseudorotation is 
probably severely impaired by (i) the presence of sub-
stituents 43 on C-2 and C-4, and (ii) the resonance demands 
TABLE 5 
Base-catalysed equilibrations (ButOH_ButOK) of the 2,4- 
disubstituted y-butyrolactones {(7)-( 10) and (12)- 
(14)] and 2-methyl-3-phenyl-y-butyrolactone (31) at 25 ° 
Isomer ratio 
Lactorie 	(trans : cis) 	K 	kcal mol' 
44: 56 127 -014 
12: 88 b 	 7.33 	-1-20 
40: 60 1'50 -0'24 
42:58d 	138 	-049 
43: 57 b 133 -017 
49: 51 	104 	-0002 
42: 58' 138 -019 
(31) 	83:17/ 	020 	+095 
By g.l.c. (10% polyethylene glycol adipate on 80-400 
mesh Chroniosorb \V at 80°). b  By g.1.c. (capillary column of 
diethylene glycol succinate at 130°). 1 By 'H n.m.r. spectros-
copy from integration of the signals for H-4. a  By 'H n.m.r. 
spectroscopy from integration of the methyl doublets. I By 
g.l.c. (capillary column of diethvlene glvcol succinate at 140). 
I By g.1.c. (capillary column of diethylene glycol succinate at 
200°). A ratio of Ca. 80: 20 was obtained by 'H n.m.r. spec-
troscopy from integration of the methyl doublets. 
of the -C-CO-O--C- group for planarity.' 45 If this 
constraint is imposed on y-lactone rings then it is possible 
to discuss their conformational behaviour in terms of 
envelope conformations in which the -C(2)-000 -C(4) 
fragment lies in a plane from which C-3 is dis-
placed. Although this description undoubtedly re-
presents an oversimplification of the problem, it does 
allow some qualitative conclusions to be drawn. cis-
2,4-Disubstituted y-lactones can exist in a conformation 
(44) in which both substituents are quasi-equatorial (cf. 
cis-1,3-disubstituted cyclohexanes), whereas in the 
trans-isomers one of the two substituents must be 
quasi-axial in conformations (45) and (46) (cf. trans-1,3- 
disubstituted cyclohexanes) and these conformations 
may be considered to be rapidly interconverting. On 
the basis of this model, a destabilising feature in the 
trans-isomers would appear to be the 1,3-nonbonded 
interactions between R' and H-4 in (45) and between 
R2 and H-2 in (46). However, this interaction must be 
small as it takes a bulky substituent (e.g. t.butyl) to 
" W. Baker, W. D. 011is, and T. S. Zealley, J. Chem. Soc., 1951, 
201; W. Baker, B. Gilbert, W. D. 011is, and T. S. Zealley, ibid., 
1951, 209; P. G. Edgerley and L. E. Sutton, ibid., 1951, 1069; 
W. Baker, B. Gilbert, and W. D. 011is, ibid., 1952, 1443; W. 
Baker, W. D. 011is, and T. S. Zealley, ibid., p.  1447: W. Baker, 
D. Clark, W. D. 011is, and T. S. Zealley, ibid., p.  1447; W. D. 
011is and J. F. Stoddart, J.C.S. Chem. Co;n,n., 1973, 571. 
" A. McL. Mathiesor. and J. C. Taylor, Tetrahedron Letters, 
1961, 590: J. Fridrichsons and A. McL. Mathieson, Acta Cryst., 
1962, 15, 119; A. McL. Mathieson, Tetrahedron Letters, 1963, 81; 
G. A. Jeffrey, R. D. Rosenstein, and M. Viasse, Ada Crvst., 1967, 
22, 725; S. H. Kim, G. A. Jeffrey, R. D. Rosenstein, and P. W. 
Corfield, ibid., p. 733; S. Merlino, ibid., 1971. B27, 2491; M. M. 
Thackeray and G. Gafner, ibid., 1974, B30, 1711. 
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(45) 	 (46) 
Although dalculation of specific torsional angles in 
flexible systems from vicinal coupling constants is a 
dangerous procedure 46  and is to be avoided, the relative 
magnitudes (see Tables 6 and 7) indicate that (i) our 
TABLE 6 
Vicinal coupling constants (Hz) ° of the cis-2,4-disub- 
stituted y-butyrolactones (8a)—(I la) 
Lactone 	J83a 	 JaIs 	J3a 4 	JIs.4 
(8a) 8-5 12-8 6-0 108 
(12.8) 6 (10.8) 
(9a) 	8-1 d 	12-9 a 	5.7 a 	108 a 
(10.8) 
(lOa) 	85/ 	12-8! 	571 	10-8/ 
(ha) 81 12-9 58 10-8 
Computed using LAOCOON II 19 as 4-spin systems for 
(8a) and (9a), and as 7-spin systems in the case of (IOa) and 
(ha). 6 From cis-3.4-dideuterio-2,4-di-•t-hutvl-y-butvro- 
lactone (24). 1 From cs-2.3-dideuterio-2,4-di-t-butv1-y-
butyrolactorie (23). dJohnson, Lowry, and Riggs 16 report 8'2, 
13-0, 5-5, and 109 Hz, respectively, for J230. J2. 261 J3 , 4 ,  and 
j. e From cis-2,3-dideuterio-2, 4-dipheny1-y-butvrolactone 
(28a). / Johnson. Lowry, and Riggs 16  report 84, 127. 52, 
and 103 Hz, respectively, for J, J2.0. J30.4. and  J,4. 
qualitative proposals regarding the conformational 
behaviour of the cis- and trans-isomers are reasonable 
[e.g. J2 and  J4 are significantly larger than J2,3 
and J3,4 in the cis-isomers, pointing to a significant 
contribution from conformation (44); this is not so in 
the trans-isomers where the values for J and  123$' 
and for J,4 and  J,4, are of the same order of magnitude 
and accommodate a description where conformations 
(45) and (46) are rapidly interconverting], and (ii) the 
conformational behaviour within the series of the cis-
isomers is similar, and so is that in the series of trans- 
* This is not surprising since the quasi-axial bonds on C-2 and 
C-4 in conformations (44)—(46) are directed away from each 
other to some extent. 
f The chemical shift differences between H-3a and H-3 
(Tables 2 and 3) also characterise 16  the diastereoisomers. 
46 V. Tabacik. Tetrahedron Letters, 1968, 555, 561. 
41 S. A. Barker, E. J. Bourne, R. Al. Pinkard, M. Stacey. and 
D. H. Whiff en, J. Chem. Soc., 1958, 3232. 
48 D. J. Triggle and B. Belleau, Caned. J. Chem., 1962, 40, 1201. 
11 R. U. Lemieux, ' Molecular Rearrangements,' ed. P. de 
Mayo. Wiley, New York, 1964, p.  727. 
60  B. E. Leggetter and R. K. Brown, Canad. J. Chem., 1965, 43, 
1030.  
isomers, although the two diastereoisomers probably 
differ quite significantly from each other; indeed, the 
magnitudes of the vicinal coupling constants characterise 
the diastereoisomers.t 
TABLE 7 
Vicinal coupling constants (Hz) ° of the trans-2,4-di- 
substituted y-butyrolactones (8b)—( 1 ib) 
Lactone 	J2. 3a 	12.3$ 	 120.4 	 J3$.4 
(8b) 8-0 9-0 7-5 7-0 
(9b) 	8'l' 	9.76 7.86 	5.86 
(7.8)' 
(lOb) 	7-0 a 9-0 a 	68 	6-2' 
(lib) 7-0 	9-0 7-5 5.5 
Computed using LAOCOON II IS  as 4-spin systems for (8b) 
and (9b), and as 7-spin systems in the case of (lOb) and (lib). 
6 Johnson. Lowry, and Riggs 16  report 7-3, 9-7, 7-6, and 5-5 Hz, 
respectively, for 	 Jsa.4, and J1,814. I From irans- 
2,3-dideuterio-2.4-diphenyl-y-butyrolactonc 	(28b). a  John- 
son, Lowry, and Riggs 68  report 6-7. 97, 6-9, and 5-6 Hz, 
respectively, for 12.2G. 12.3$' Js.. 4, and J34. 
There are few instances where the relative stabilities 
of similar systems have been measured precisely, but 
where they have been obtained there is a degree of 
correlation with the present results. The most detailed 
analysis M  has been carried out on 2,4-disubstituted 
1 ,3-dioxolans. Our observations should be compared 
with the exclusive preference for cis-isomers in these 
more highly flexible systems on acid-catalysed equili-
bration with their trans-isomers where it was also found 
that (i) free energy differences between diastereoisomers 
are small, and (ii) only bulky substituents show signs of 
specific steric interactions. 
There are even fewer instances (for an exception, 
however, see ref. 56) where the relative stabilities of 
cis- and trans-isomers with vicinal substituents on 
five-membered rings have been measured accurately, 
but the expected preference for the trans-isomer has 
been more than adequately demonstrated in the prosta-
glandin field. In the case of the 2-methyl-3-phenvl-
y-butyrolactones (31), the trans-isomer (31b) is found 
(Table 5) to predominate at equilibrium. 
EXPERIMENTAL 
M.p.s were determined using a Reichart hot-stage 
apparatus. T.l.c. was carried out on glass plates (20 x 5 
cm) coated with Merck silica gel G. Developed plates were 
air-dried, sprayed with cerium(iv) sulphate–sulphuric acid 
reagent, and heated with a naked flame. Hopkin and 
Williams silica gel (M.F.C. grade) was used as the chro-
matographic medium for all column separations. G.l.c. 
analyses of an analytical nature were carried out using a 
Perkin-Elmer Fli gas chromatograph equipped with a 
51 J. C. Richer and C. Gilardeau, Canad. J. Chern., 1965, 43, 
3419. 
N. Baggett, K. W. Buck, A. B. Foster, M. H. Randall, and 
J. M. Webber, J. Chem. Soc., 1965, 3394. 
63  H. G. Haber and B. Fuchs, Tetrahedron Letters, 1966, 1447. 
64  E. L. Eliel and W. E. Willy, Tetrahedron Letters, 1969, 
1775: W. E. Willy, G. Binsch, and E. L. Elicl, J. Amer. Chem. 
Soc., 1970, 92, 5394. 
15 Y. Rommelaere and Al. Anteunis, Bull. Soc. chim. belges. 
1970, 79, 11. 
66 D. Varech. C. Ouannes, and J. Jacques, Bitt!. Soc. chini. 




flame-ionisation detector. Preparative g.l.c. was carried 
out on a Pye automatic preparative series 105 chromato-
graph. Low resolution mass spectra were determined with 
an A.E.I.-MS12 spectrometer, and high resolution spectra 
with an A.E.L-MS9 instrument. I.r. spectra were recorded 
on a Perkin-Elmer 137 sodium chloride spectrophotometer 
with reference to polystyrene as standard. Lactone C0 
absorption frequencies were characteristic 67 of the nature 
of the y-lactone ring (i.e. saturated, a3-unsaturated, or 
13y-unsaturated). 13C N.m.r. spectra were recorded on a 
JEOL-PS-100 spectrometer with deuteriochioroforin as 
• lock ' and tetramethylsilane as internal standard. 1H 
N.m.r. spectra were recorded on a Varian HA 100 spectro-
meter with tetramethylsilane as ' lock ' and internal 
standard. Theoretical 'H n.m.r. spectra were calculated 
with an ICL 1907 computer by using the LAOCOON II 
program. 58 
Diethyl 2-A cetyl-3-methylsuccinale (15). 22-Ethyl aceto-
acetate (190 ml) was added to a solution of sodium ethoxide 
(102 g) in ethanol (1 1). This solution was stirred under 
reflux while ethyl 2-bromopropionate (250 g) was added 
dropwise (luring Ca. I h. 1efiuxing and stirring were 
continued until a sample of the solution was neutral to 
moist litmus paper. The reaction was complete after 10 h. 
The mixture was then cooled and decanted from the 
precipitated sodium bromide. The salt was washed with 
ethanol (2 x 20 ml) and the washings were added to the 
decanted solution. Evaporation of the ethanol under 
reduced pressure gave an oil, which was distilled under 
reduced pressure to give the diester ( 15) (140 g, 68%), b.p. 
144-150° at 02 mmHg (lit., 22 225-228° at 135 mmHg) 
(Found: 1W, 230. C 11H,80, requires Al, 230). 
2-Methyl-4-oxopentanoic Acid (16) 23  and 3-Carboxy-2,4-
diinetliylbut-2-en-4-olide ( 17)-A mixture of the oxo-diester 
(15) (23 g), cone, hydrochloric acid (88 ml), and water 
(40 ml) was heated under reflux with stirring overnight. 
After cooling, water and ethanol were evaporated off under 
reduced pressure. The residue was extracted with ether 
(500 ml) and the extract was dried (Na,SO 4 ) and evaporated 
to yield a mixture of a yellow oil and colourless crystals. 
The oil was filtered off from the crystals and was distilled 
under reduced pressure to give the acid (16) (5.0 g, 30%), 
b.p. 94-98° at 0'2 mmHg (lit., 2 106-108° at 0'7 mmHg) 
(Found: 1W, 130. C6H 1003 requires 1W, 130), v (CHCI 3 ) 
1740 and 1700 cin' (2 x CO), ' (CDC1 3 ) 061br (lH, s, 
CO2H), 6'85-767 (3H, m, CH.-CH), 7.75 (3H, 5, CH3CO), 
and 8'81 (3H, d, J 62 Hz, CH. -CH). 
The crystals were recrystallised from ether-hexane to 
give the carboxy-lactone (17) (2.2 g, 14%), m.p. 172-174° 
(Found: 1W, 156. C 7H 804 requires M, 156), v 1 (CHCI3) 
1750 (CO) and 1700 cm' (CO 2H), [(CD 3)2C0] 484 (1H, in, 
CH,-CH), 7'90 (3H, d, J 2 Hz, 2-Me), and 8•51 (3H, d, 
J 62 Hz, CH.-CH). The methyl ester (18) (obtained by 
treatment with ethereal diazomethane) was a liquid, b.p. 
118-1200 at 04 mmHg (Found: 1W, 170. C 8H 1004 
requires 1W, 170), (CHCI 3) 1750 (CO) and 171 8  
(CO 2I1e), 'r (CDC1 3) 4'8 (111, in, CH3 CH), 612 (3H, s, 
CO2CH3), 782 (3H, d, J 24 Hz, 2-Me), and 8•48 (3H, d, 
J 64 Hz, CH3 CH). 
2-Met hyl-4-oxoentanoic Acid (16) . 23-The oxo-diester 
(IS) (45 g) in 4% sodium hydroxide solution (300 ml).-,vas 
heated for 3 h. After cooling, the mixture was treated 
again with 4% sodium hydroxide (100 ml) and refluxed for 
an additional 2 h. The mixture was then cooled and 
washed with ether (2 x 100 ml). The aqueous phase was  
acidified with cone. hydrochloric acid while the flask was 
cooled in an ice-bath; vigorous evolution of carbon dioxide 
occurred. The aqueous phase was extracted with ether 
(4 x 400 ml) and the combined extracts were washed vith 
a little water, dried (Na2SO 4), and evaporated to afford a 
deep yellow oil, which, on distillation under reducç:d 
pressure, yielded the acid (16) (17 g, 67%), b.p. 93--95 
at 02 mmHg, identical (spectral characteristics) with the 
sample described above. 
2, 4-Dirnethylbut-2-en-4-olide ( 2) . 4-A mixture containing 
2-methyl-4-oxopentanoic acid (16) (10 g), acetic anhydride 
(40 ml), glacial acetic acid (40 ml), and cone. sulphuric acid 
(5 drops) was heated on a steam-bath for 3 ii, cooled, 
diluted Nvith water, and extracted with ether (250 nil). 
The extract was washed with saturated sodium hydrogen 
carbonate solution, dried (YaSO 4), and evaporated to 
leave a yellowish oil, which was purified by column chro-
matography on silica gel (chloroform as eluant) to give, as 
a colourless oil, the lc/one (2) (26 g, 30%) (Found: Al, 
112'0523. C 6H802 requires .11, 112.0524), (Cl-IC! 3 ) 
1750 cm' (CO), 7 (CDCI,) 299 (1H, in, H-3), 5-03 (lH, in, 
H-4), 809 (3H, in, 2-Me), and 86I (314, d, J 6'4 Hz, 4-Me). 
Hydrogenation of 2, 4-Dimethyibut-2-en-4-olide (2) ---The 
lactone (2) (1.0 g) was dissolved in ethanol (25 ml) contain-
ing 5% palladium-barium sulphate (300 mg). Hydrogen-
ation at atmospheric pressure resulted in the uptake of 
1•05 mol. equiv. in 1'5 Ii. Filtration and evaporation 
yielded a product (700 mg, 70%) (Found: 1W, 1140670. 
C 6H 1002 requires 1W, 114.0681), y (CHCI 3 ) 1760 c,TC' 
(CO), T (CDCI 3) 5'30-572 (1H, in, H-4), 708--763 (2H, 
m, H-2 and -3a), 8'30-894 (1H, in, H-3), 860 (3H, d, 
J 62 Hz, 4-Me), and 8'75 (3H, d, J 65 Hz, 2-Me). G.l.c. 
analysis (10% polyethylene glycol adipate on 80-100 mesh 
Chromosorb \V at 80°) indicated the presence of two com-
ponents in the ratio 98 : 2. The major component was 
assigned as cis- 2,4-dimethyl-y-butyrolactoiie (7a) and the 
minor as the trans-lactorie (7b). The 2% of the trans - 
isomer (7b) was not detected in the 'H n.m.r. spectrum of 
the product and was not considered to constitute a sufficient 
quantity to merit separation by preparative g.I.c. 
Catalytic Reduction of 2,4-Di;nethylbut-2-en-4-olide (2) with 
Deuterium Gas.-The lactone (2) (200 mg) was reduced with 
deuterium gas over 5% palladium-barium sulphate to 
yield a product which 'H n.m.r. spectroscopy indicated 
was a mixture of cis-2,3-dideuterio- (19), cis-2-mono-
deuterio- (20), and cis-3-monodeuterio- (21) 2,4-dimethvl-
y-butyrolactones; ' (CDCI 3 ) 5'30-5'72 [lH, m (br owing 
to deuterium coupling), H-4], 714-763 [ca. IH, m (br due 
to deuterium coupling), H-2 and -3a], and 8'31-8'87 [7H, 
in, d (J 62 Hz), d (J 6'5 Hz), and s for H-3)3, 4-Me, and 
2-Me]. 
cis- (7a) and trans- (7b) 2,4-Dimethyl-y-butyrolactones.-A 
solution of sodium borohydride (4 g) in 2u-sodium hydroxide 
(4 ml) diluted with water (36 ml) was added drop-,vise very 
slowly to a stirred solution of 2-methyl-4-oxopcntanoic acid 
(16) (8 g) in methanol (50 ml) and stirring was continued 
overnight. Methanol and water were evaporated off and 
water was added to the residue; the mixture was then 
acidified with dilute hydrochloric acid and extracted with 
ether (3 x 500 ml). The combined extracts were washed 
with a small amount of water, dried (Na 2SO4), and concen-
trated to give a colourless oil. Distillation under reduced 
67 J. F. Grove and H. A. Willis, J. Chem. Soc., 1951, 877. 
58 S. Castellano and A. A. J3othner-By, J. Chem. P/iys., 1964, 
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pressure yielded 2,4-dimethyl-y-butyrolactone (7) (6 g, 
85%), b.p. 80-82 0 at 181 mmHg (lit.,12 88__900 at 20 
mmHg), shown by g.1.c. (10% polyethylene glycol adipate 
on 80-100 mesh Chromosorb W at 80 °) to contain two 
components in the ratio Ca. 3: 2. These were separated by 
preparative g.l.c. (30% polyethylene glycol adipate on 
60-80 mesh Chromosorb W at 130°). The first was 
identified by comparison with the major product obtained 
on catalytic hydrogenation of 2,4-dimethylhut-2-en-4-olide 
(2) as the cis-isomer (7a) (Found: M, 114'0679. C6H1002 
requires M, 1140681), v., (CHC1 3) 1760 cm' (CO), 
T (CC,,) 540-584 (1H, m, H-4), 720-774 (211, m, H-2 
and -3x), 8'36-8•94 (1H, m, H-33), 861 (3H, d, J 62 Hz, 
4-Me), and 878 (3H, d, J 6'5 Hz, 2-Me); the second 
component was the trans-isomer (7b) (Found: 
114'0679), v.1',.. (CHCI3) 1760 cm' (CO), r (CC!,) 528-5'64 
(1H, m, H-4), 722-764 (111, m, H-2), 7'82-8'16 (2H, m, 
H-3ac and 3), and 8•68 and 880 (2 x 3M, 2 x d, J 63 and 
71 Hz, 2 x CM3). 
2,4-Di-t-butylbut-3-en-4-olide (22) . 5-Irradiation of diazo-
methyl t-butyl ketone 5 (16 g) in a quartz test tube with a 
Hanovia medium-pressure mercury vapour lamp as 
described by Wiberg and Hutton 5 gave a white solid, 
which, on crvsta!lisation from ethanol-water, afforded 
crystals of the lactone (22) (6.2 g. 25%), m.p. 38-40 ° (lit., 
41'5-42°) (Found: M, 196•1454. dale. for C 12H2002 : 
M, 1961463), v (CHCI 3) 1786 cm' (CO), r (CDCI 3) 496 
(IH, d, J 24 Hz, H-3), 7'08 (JH, d, J 24 Hz, H-2), and 
887 and 9'01 (18H, 2 x s, 2 x Me3C). 
2,4-Di-t-butylbut-2-en-4-olide (3). 5-The lactone (22) (2 g) 
was heated on a steam-bath for 6 h with 15% sodium 
hydroxide solution (56 ml) as described in ref. 5 to give 
white crystals of the lactone (3) (1.44 g, 72%), m.p. 92-
94° (lit., 925-935 0) (Found: M, 196-1461. C1 2H 0 02 
requires M, 1961463), Vma (CHC1 3) 1750 cm-1 (CO), 
'r (CDCI 3) 3.10 (JH. d, J 17 Hz, H-3), 554 (1H, d, j  17 Hz, 
1-1-4), and 8'76 and 9'07 (18H, 2 x s, 2 x Me3C). 
Hydrogenation of 2, 4-Di-t-butylbut-3-en-4 -olide (22) 
The lactone (22) (2 g) was hydrogenated in ethanol (25 ml) 
over 5% palladium-barium sulphate (250 mg) (uptake 
1.05 mol. equiv. in 2 h). The catalyst was filtered off and 
the filtrate was examined by g.t.e. on (i) a capillary column 
of diethylene glycol succinate at 130°, and (ii) polyethylene 
glycol adipate on 80-100 mesh Chromosorb W at 105 0 . 
In each case, only one component was observed and it was 
assigned as cis-2,4-di-t-butyl-y-butyrolactone (8a). Water 
was added to the filtrate before extracting it three times 
with pentane. The combined pentane extracts were dried 
(Na2SO4) and evaporated to afford cis-2,4-di-t-butyl-y-
butyrolactone (8a) (1.7 g. 85%), m.p. 86-88 ° (lit., 5 82-
83°) (Found: M, 1981618. C 12H O  requires M, 
198'1620), (CHCI 3) 1760 cm' (CO), (CDCI 3) 606 
(lH, q, J4 60,  J34 108 Hz, H-4), 7'55 (1H, q, J232 
8'5 1 J23 128 Hz, H-2), 7•97 (1H, m, J2 85,  J34 6 ' 0 1 
J53g 13 Hz, H-3z), 823 (1H, in, J23 12'8,  J34 10'8,  J33 
13'0 Hz, H-3f3), and 896 and 908 (18H, 2 x s, 2 x Me3C). 
Catalytic Reduction of 2,4-Di-t-butylbut-3-en-4-olide (22) 
with Deuterium Gas.-The lactone (22) (250 mg) was 
reduced with deuterium over 5% palladium-barium 
sulphate to yield a product which afforded crystals of 
cis- 3,4-dideuterio-2,4-di-t-butyl-y-butyrolactone (24) (150 mg, 
60%), m.p. 85-87 ° (from hexane-ether), 'r (CDC1 3 ) 757 
[IH, d (hr owing to deuterium coupling), J23 128 Hz, H-2], 
8'16-8•46 [lH, d (vbr owing to deuterium coupling), 
J2 12'8 Hz, H-33], and 896 and 9'08 (18H, 2 x s, 2 x 
Me3C). 	No trans-3,4-dideuterio-2,4-di-t-butyl-y-butyro- 
lactone was formed. 
Hydrogenation of 2,4-Di-t-butylbut-2-en-4-olide (3) . 5-The 
lactone (3) (2 g) was hydrogenated as described for the 
lactone (22) for 25 h (uptake 1-05 mol. equiv.). The 
catalyst was filtered off and the filtrate was examined by 
g.l.c. as for the hydrogenation of (22). Once again, only 
one component was observed and its retention time corre-
sponded to that of cis-2,4-di-t-butyl-y-butyrolactone (8a). 
The compound was isolated from the filtrate to give 
crystals (17 g, 85%), m.p. 86-88 ° (lit., 6 82-83°), with 
spectroscopic properties identical with those already 
reported for the lactone (8a). 
Catalytic Reduction of 2,4-Di-t-buiylbut-2-en-4-olide (3) 
with Deuterium Gas.-The lactone (3) (250 mg) was reduced 
catalytically with deuterium gas as described for the 
lactone (22) to give crystals of 2,3-dideuterio-2,4-di-t-butyl-
y-butyrolaci'one (23) (160 mg, 64%), m.p. 76-78, r (CDC1 3 ) 
6'07 [JH, d (hr owing to deuterium coupling), Js.4 108 Hz, 
H-4), 824 [1H, d (br owing to deuterium coupling), J36. 
10-8 Hz, H-3ç3], and 895 and 905 (18H, 2 x s, 2 x Me3C). 
No trans-2,3-dideuterio-2,4-di-t-butyl-y-butyrolactone was 
formed. 
trans-2,4-Di-t-butyl-y-butyrolactone 	(8b) .-cis-2,4-Di-t- 
butyl-y-butyrolactone (8a) (450 mg) was dissolved in a 
3% solution of potassium t-butoxide in t-butyl alcohol 
(10 ml) and the mixture was kept in a constant tem-
perature bath at 25°. After 24 h it was treated with Zeo-
carb-325 resin and filtered, and the filtrate was evaporated. 
T.l.c. of the residue indicated the presence of two com-
ponents, of which one (the slower moving) was the starting 
material. Column chromatography on silica gel with 
chloroform as eluant separated the two components. 
Fraction 1 slowly crystallised and was characterised as the 
trans-lactone (8b) (28 mg, 6%), m.p. 66-68 ° (Found: Al, 
198'1618. C 12H2202 requires M, 198'1620), VaL  (CHCI3) 
1760 cm' (CO), - (CDC1 3) 594 (1H, t, J3.4 7'5,  J3s.4 7-0 Hz, 
H-4), 763 (111, t, J03 8•0,  J23 9•0 Hz, H-2), 7'95 (1H, m, 
J2. 8'0 Hz. J,4 7'5 13'0 Hz, H-3a), 7'99 (1H, m, 
J33 90,  J384 70,  J333 130 Hz, H-3), and 8'96 and 909 
(18H, 2 x s, 2 x Me3C). Fraction 2 slowly crystallised 
(250 rng, 55%) and was identical (spectra) with the cis-
lactone (8a), m.p. 84-85 0 . 
4-Oxo-2,4-diphenylbutyronitrile 	(25)14. 15, 18, 
	
 (25), m.p. 125-126 0 (lit., 5 126-127 ° ), 	(CDCI 3) 
218-298 (lOH, m, 2 x Ph) and 5'52-686 (3H, XAB 
System, JAB 18'0, fAX  78, JBX  6'6 Hz, -CHjHB'CHx), 
was prepared by the method of ref. 26. 
Methyl 4-Oxo-2,4-diphenylbutyrate ( 26)•6,14.
pound (26), m.p. 103-104 0 (lit., 103-104°), 'r (CDCI 3) 
200-2'94 (1011, m, 2 x Ph), 5'72, 6'08, and 678 
(3M, XAM system, JAm  180, JAX  100, JMX  40 Hz. 
-CHAHMCHX, and 637 (3H, s, COrv1e) was prepared by 
the method of ref. 6. 
4-Oxo-24-diphenylbutyric Acid (27) 6, ' 4"5"8' 2427-Com-
pound (27), in.p. 152-153° (lit.,18  152-155 °), (CDCl) 
018-0-78br (114, s, CO0H), 202-288 (1011, m, 2 x Ph), 
and 573, 615, and 678 (314, XAM system, JAm  18'0, 
fix 100,  Jnx 42 Hz, -CHAHM'CHx) was prepared by the 
method of ref. 6. 
2,4-Diphenylbia-2-en-4-olide (4) . 68-4-Oxo-2,4-diphenvl-
butyric acid (27) (5.0 g) was dissolved in acetic anhydride 
(25 ml) and refluxed for 3 h. The mixture was then cooled, 
poured into ice-water, and left for 1 h. The precipitate 




matography on silica gel (150 g) with chloroform as eluant, 
to yield crystals of the lactone (4) (35 g, 78%), m.p. 109-
1100 (from ethanol) (lit.,' 5 109-110°) (Found: M, 
2300844. C16H120, requires M, 236-0837), vmflL  (CHC1,) 
1750 cm', r (CDC1 3) 2-04--2-70 (10H, m, 2 x Ph), 2-41 
(1H, d, J 2-0 Hz, H-3), and 4-01 (IH, d, J 2-0 Hz, 1-i-4) (cf. 
ref. 30). 
Hydrogenation of 2, 4-Diphenylbut-2-en-4-olide (4) .' 4-The 
lactone (4) (1-0 g) was dissolved in ethanol and 10% 
palladium-carbon (300 mg) was added. The mixture was 
hydrogenated for 10 mm (uptake 05 mol. equiv.), filtered, 
and evaporated. The residue was shown by t.l.c. to 
contain four components. A sample was retained for 
'H n.m.r. spectroscopy (see below). The mixture was 
separated by column chromatography on silica gel with 
chloroform as eluant. Component 1 crystallised from 
ether-hexane to afford pure trans-2,4-diphenyl-y-butyro-
lactone (9b) (30 mg, 3%), m.p. 67-68° (lit.,18 68_690 ; 
lit., 17 74°) (Found: .M, 238-0995. Calc. for C, 6H,40,: 
M, 238-0993)', Vm (CHCI,) 1770 cm' (CO), (CDC1 3) 2-66 
and 270 (10H, 2 x s, 2 x Ph), 4-35 (111, q, J34 5-8, 
J,,.4 78 Hz, H-4), 008 (1H, q, J23 8-1,  f2319 9.7, f319.4 581 
J,319 130 Hz, H-3), and 7-31 (1H, m, J23, 8-1,  J37.4  7-8, 
Jac.s19 13 Hz, H-33), 80 (p.p.m. from Me 4Si) (CDCI,) 176-9 
(CO), 1394, 136-6, 129-0, 128-9, 128-4, 127-7, and 125-1 
(aromatics), 78-8 (C-4), 45-1 (C-2), and 39'2 (C-3). The 
assignment of resonances to C-2, -3, and -4 was confirmed 
by off-resonance decoupling. Component 2 crystallised 
from ether-hexane to afford pure cis-2,4-diphenvl-y-
butyrolactone (9a) (225 mg, 225%), imp. 103-105 0  (lit., 18 
106-107 0) (Found: 1W, 238-0995. Caic. for O 16H,40,: 
1W, 238-0993), 	(CHCI,) 1770 cm' (CO), ' (CDCI,) 264 
and 270 (ION, 2 x s, 2 x Ph), 4-48 (lH, q, J3 	5-7, 
J34 10-8 Hz, H-4), 5•99 (lH, q, J2. 	8-1,  J,19 12-9 Hz, 
H-2), 696 (1H, m, J23 8-11  J3a.4 57, J3X3,B  13'0 Hz, H-31), 
and 7-64 (1H; m, f,,19 12.9,  J319 10-8, f8 13-0Hz, H-3). 
When the 'H n.m.r. spectrum of the cis-isomer (9a) wa 
run in CD,OD-CD,ONa after 15 min in solution, the signal 
at - 5-99 was absent; this confirmed the assignment of 
this signal to H-2. Signals at - 436 (t) and 4'48 (q) 
indicated the presence of both the cis- (9a) and the trans-
(9b) isomer in approximately equimolar proportions in the 
basic solution. "C N.m.r. data: Sc.(CDCI,) 176-3 (CO), 
138-8, 136-2, 128-8, 128-1, 127-7, and 125-5 (aromatics), 
79-1 (C-4), 47-5 (C-2), and 404 (C-3). The assignment of 
resonances to C-2, -3, and -4 was confirmed by off-resonance 
decoupling. Components 3 and 4, which corresponded to 
the starting material (4) and 2,4-diphenylbutvric acid, 6" 
respectively, were not investigated further. Integration of 
the H-4 signals of 2,4-diphenyl-y-butvrolactone (9) in the 
'H n.m.r. spectrum (CDCI,) gave a cis-trans isomer ratio of 
88: 12. The assumption was made that the major product 
of the hydrogenation is the cis-isomer (9a). 
Catalytic Reduction of 2,4-Diphenylbul-2-en-4-olide ( 4) 
with Deuterium Gas-The lactone (4) (1-0 g) was dissolved 
in ethanol (50 ml) and 10% palladium-carbon (300 mg) was 
added. Reduction with deuterium was performed for 
10 mm (uptake 0-6 mol. equiv.). The mixture was then 
filtered and evaporated and the residue was subjected to 
column chromatography on silica gel with chloroform as 
eluant. The cis- (28a) and trans- (28b) isomers of 2,3-
dideuterio-2,4-diphenyl-y-butyrolactone were characterised 
as described for the unlabelled compounds obtained on 
hydrogenation. trans-2, 3-Dideuterio-2 , 4-diphenyl-y-butyro-
la'tone (28b) (30 mg, 3%) was crystallised from ether- 
hexane; m.p. 67-68 0 (Found: M, 240-1119. C16H1 ,D20 
requires M, 240.1119), -r (CDCI,) 2-67 and 2-71 (IOH, 2 x s. 
2 x Ph), 4-36 (1H, d, f,, 7-8 Hz, H-4), and 7-21 [IH, d 
(br owing to deuterium coupling), f,14 7'8 Hz, H-3z]. A 
doublet of very low intensity centred on ' 6-09 (H-2) 
indicated that a small amount of H-D exchange had occurred 
during the catalytic reduction. The cis-lactone (28a) (350 
mg, 35%) was crystallised from ether-hexane; m.p. 105-
107° (Found: Al, 240.1121), 'r (CDC1 3) 2'63 and 271 
(lOH, 2 x s, 2 >< Ph), 4-52 (1H, d, f34 10-8 Hz, H-4), and 
7-64 [1H, d (br due to deuterium coupling), J,19 10-8 Hz, 
H-3]. No evidence for H-D exchange (luring the re-
duction was obtained. "C N.m.r. data: S (CDCI,) 1764 
(CO), 138-7, 136-1, 128'8, 128-6, 128-0, 127-7, and 1255 
(aromatics), 78'8 (C-4), 47-8, 47-4, and 47-0 (C-2 as a 
triplet owing to C,D-coupling), and 40-8, 400, and 39'2 
(C-3 as a triplet owing to C.D-coupling). 
cis- (9a) and trans- (9b) 2,4-Diphenyl-y-bu/yrolaclone. 18-
A solution of sodium borohvdride (2-5 g) in 2N-sodium 
hydroxide (3 ml) diluted with water (22 ml) was added 
dropwise slowly to a stirred solution of 4-oxo-2,4-diphenvl-
butvric acid (27) (50 g) in methanol (33 ml) and stirring 
was continued overnight. Methanol and water were 
removed by evaporation and water was added to the 
residue, which was then acidified with dilute hydrochloric 
acid. The mixture was then extracted with ether (3 x 500 
ml). The combined extracts were washed with a small 
amount of water, dried (Na,SO 4 ), and concentrated to give 
an oil which solidified. Tic. indicated the presence of 
two components. These were separated by column 
chromatography on silica gel (chloroform as eluant). 
Component 1 crystallised when kept in the refrigerator for 
a few hours (cf. ref. 17) and was recrvstallised from ether-
hexane to give lraiis- 2, 4-diphenvl-y-butvrolactone (9b) 
(1.3 g, 30%), in.p. 68-69° (lit., 18 68-69 1 ; lit.," 74°). 
Component 2 crvstallised and was recrvstallised from 
ether-hexane to give the cis-lactone (Oa) (21 g. 40 0/,0'). 
m.p. 105-107° (lit.,' 106-107°). 
2-P/een%'l-4-oxopentanoic Acid (29). 3334-A solution of 
potassium cyanide (65 g) in water (100 ml) was added 
dropwise with stirring to benzylideneacetone (64 g) in 95% 
ethanol (450 ml) and glacial acetic acid (29 ml) at 550. 
After 30 miii the ethanol was removed under reduced 
pressure and the residue was treated with sodium hydroxide 
(90 g) in water. The mixture was heated under reflux for 
3 h and set aside overnight. Addition of conc. hvdro-
chloric acid to the cooled, well-stirred solution yielded a 
solid, which was filtered off and dissolved in hot sodium 
carbonate solution. Treatment with charcoal and re-
precipitation by dropwise addition of conc. hydrochloric 
acid (150 ml) gave a (lark impure product, which crystallised 
from water to give 2-phenyl-4-oxopentanoic acid (29) (3.0 g, 
3-5%), m.p. 125-127 0 (lit.," 126 0), r (CDCI,) 0'30br (lH, 
s, CO21-1), 2-74 (5H, s, Ph), 5-88, 6-66, and 730 (311, XAM 
system, JAM  17-4, fAx 10-0,  fain 4-8 Hz, -CHAHCH<), 
and 7-88 (311, s, CH,CO). 
cis- (lOa) and trans- (lOb) 4-Methyl-2-phenyl-y-biityro-
lactone.-A procedure analogous to that employed in the 
preparation of cis- (9a) and trans- (9b) 2,4-diphenyl-y-
butyrolactone was followed, starting with 2-phenyl-4-oxo-
pentanoic acid (29) (1-0 g). T.l.c. indicated that the oily 
product contained two components. These were separated 
by column chromatography on silica gel (chloroform as 
eluant). Component 1 was an oil, trans-4-nzetlz)'1-2-plwni'l-
y-butyrolactone (lOb) (250 mg, 28%) (Found: 1W, 1760830. 
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C11 11 1202 requires .54, 176-0837), 	(CHCI 3) 1760 cm' 
(CO), 	(CDC1 3) 2-74 (5H, s, Ph), 5-24 (1H, m, J31 6-8, 
J34 62, JCIIMe  60 Hz, H-4), 6-10 (114, q, J3 7-0,  J23 
9-0 Hz, 1-1-2), 7-50 (JH, m, J23 7-0,  J2.30 9.0 1 J3 	12-8 Hz, 
H-3z), 7-68 (1H, m, J2 90,  J3 	6-8,  J33 128 Hz, H-33), 
and 856 (3H, d, JCflMe  6-0 Hz, CH 3). Component 2, also 
an oil, was the cis-laclone (10a) (200 mg, 22%) (Found: 
M, 176-0830), v 1 (CHCI3) 1760 cm' (CO), -r (CDC],) 
273 (5H, s, Ph), 5-22 (1H, m, J34 57,  J34 108,  Jcne 
6-0 Hz, H-4), 6-15 (IH, q, J23 8-5,  J23 12'8 Hz, H-2), 
7-27 (IH, m, J2.3,, 8.5, J4 5.7,  J33 12-8 Hz, H-3n), 802 
(114, m, J23 12-8,  J34 10-8,  J33 12-8 Hz, 1-1-3d), and 
855 (3H, d, JOJIMe  60 liz, CH3). The configurational 
assignments are based on the result of hydrogenation of 
4-inethyl-2-phenylbut-2-en-4-olide (5) (see below). 
4-3IetJzyl-2-p1ieiylbut-2-en-4-olidc (5).-2-Phenyl-4-oxo-
pentanoic acid (29) (500 mg) was mixed with acetyl chloride 
(3 ml) and heated carefully on a sand-bath. The excess 
of acetyl chloride was distilled off until the temperature 
of the contents of the flask reached 130°. The residue was 
extracted with ether. The extract was washed with water, 
dried (Na 2SO4), and evaporated. The crude product which 
was purified by preparative tic. on silica gel (chloroform as 
developing solvent) to afford the lactone (5) (350 mg, 87 % ) 
as an oil which failed to crystallise although it has been 
reported previously as a crystalline compound (lit., 9 m.p. 
52-52-5°) (Found: Al, 174-0676. C 11H1002 requires M, 
1740681), (CHC13) 1750 cm-1 (CO), (CDCI 3) 2-08-
2-72 (514, m, Ph), 2-50 (1H, d, J34 20 Hz, H-3), 488 (1H, 
q x d, J34 20, Jce  61 Hz, H-4), and 8-51 (3H, d, 
J0j'i6  6-1 Hz, CH,). 
1-lydrogenation of 4-Methyl-2-plzenylbut-2-en-4-olide (5).-
The lactone (5) (100 mg) dissolved in ethanol (20 ml) 
containing 5% palladium-barium sulphate (50 mg) was 
hydrogenated at atmospheric pressure (uptake of 1-0 mol. 
equiv.). Filtration and evaporation left a product which 
was examined by tIc. and by 'H n.m.r. spectroscopy. 
Both indicated the presence of cis- (lOa) and (vans- (lOb) 
4-m ethyl- 2-phenvl-y-hutvrolactone. Integration of the sig -
nals for the methyl protons in the 'H n.m.r. spectrum 
(CDC1 3) gave a cis-trans isomer ratio of 84 : 16. [The 
assumption was made that the major product is the cis-
isomer (10a)] 
2-Met hyi-4-oxo-4-pltenvlbu/yric Acid (30) .-Compound 
(30), m.p. 140-141° (lit.,' 140-.141°), (C1)C1 3 ) 1-90----
2-70 (614, m, Ph and CO 2H), 6-30-7-20 (3H, m, CH. - CH), 
and 869 (3H, d, J 61 Hz, CH.), was prepared by the 
method of ref. 39. 
cis- (I la) and trans- (lib) 2-Methyl-4-phenyl-y-butyro-
lactone.-A procedure analogous to that employed in the 
preparation of cis- (9a) and (vans- (Ob) 2,4-diphenyl-
y-butyrolactone was followed, starting with 2-methyl-4-oxo-
4-phenylbutyric acid (30) (1-0 g). T.1.c. indicated that the 
oily product contained two components. These were 
separated by column chromatography on silica gel (chloro-
form as eluant). Component 1 was an oil, trans-2-rnetliyl-
4-phenyl-y-butyroiactone (llb) (200 mg, 22%) (Found: M, 
176-0830. C,,H, 20, requires 111, 176-0837), (CHC1 3 ) 
1763 cm' (CO), -r (CDCI 3) 2-69 (5H, s, Ph), 4-46 (1H, q, 
JM4 7-5,  J4 55 Hz, H-4), 7-34 (1H 1  m, J3 7-0,  J 
90, .Jnme  6-0 Hz, H-2), 7-60 (IH, m, J,, 7-0,  13 	7-5, 
J3 , 3p 12-8 Hz, H-3m), 7-70 (lH, m, J2 	9-0,  J4 5-5, 
12-8 Hz, H-3ç3), and 8-69 (3H, d, J CflMe60 Hz, CH,). 
Component 2, also an oil, was the cis-lactone (ha) (250 mg, 
28%) (Found: M, 170-0830), v,, (GHC1 3) 1763 cm' (CO),  
- (CDC1 3) 2-67 (5H, s, Ph), 4-66 (111, q, 	5-8, J3p 
10-8 Hz, H-4),.7-14 (1H, in, J, 8-1,  J238 12-9, JCIIMC 
6-0 Hz, H-2), 7-28 (lH, m, J2 . 3a 8-1,  J3.4 5-8,J, 3 12-4 Hz, 
H-31), 8-18 (114, m, J,,g 12-9,  J 10-8, 12-4 Hz, 
H-33), and 8-68 (3H, d, Jne 3.0 Hz, CH 3). The con-
figurational assignments are based on a comparison of the 
'H n.m.r. spectra with those of time 2,4-diphenyl-y-butyrd-
lactones (9). 
2-Methyl-4-phenylbut-2-en-4-olide (6) .-2-Methyl-4-oxo-
4-phenylbutyric acid (30) (1.0 g) was refluxed with acetic 
anhydride (5 ml) as described by Ramirez and Rubin 39  to 
give a crude product. This was purified by column 
chromatography on silica gel (chloroform as eluant) to 
give, as an oil, the lactone (6) (600 mg, 65%) [Ramirez and 
Rubin 39 reported two crystalline compounds: one, with 
m.p. 84-80° , assigned as 2-methyl-4-phenylbut-3-en-4-ohide 
lactone; the other, with m.p. 226-227°, assigned as the 
lactone (6)] (Found: M, 174-0670. Caic. for C,,H 1002 : 
M, 174-0681), vma.  (CHCI,) 1750 cm -1 (CO), -r (CJ)CI,) 
2-54---2'84 (SI-I, m, Ph), 2-86--2-93 (1H, m, H-3), 4-08-
4-22 (111, m, H-4), and 7-92-8-08 (3H, m, CH,). 
Hydrogenation of 2-Methyl-4-phenylbut-2-en-4-oiide (6).-
The lactone (6) (200 mg) was dissolved in ethanol and 10% 
palladium-carbon (50 mg) was added. The mixture was 
hydrogenated for 15 mm (uptake 0-6 mol. equiv.), filtered, 
and evaporated. The residue was shown by t.l.c. to 
contain at least two 'fast-moving' components and one 
slow-moving ' component. The former were separated 
from the latter by preparative tic. (chloroform as develop-
ing solvent). Fraction 1 was shown by 'H nrn.r. spectro-
scopy in CDCI 3 to contain 2-methyl-4-pher1y1but-2-en-4-
olide (6) and the 2-methyl-4-phenyl-y-butyrolactones (11) 
in the ratio Ca. 4: 1 (obtained by integration of the CH, 
signals). Integration of the H-4 signals of the 2-methyl-
4-phenvl-y-butyroiactones (11) gave a cis-trans ratio of 
Ca. 1: 1. Fraction 2 was identified as 2-methvl-4-phenvl-
butvric acid, M 178. 
2-Elhoxycarbonyl-4-phenyl-y-bmmlyrolactone (32) 20  and its 
3-Phenyl Isomer (33).-Diethyl malonate (96.0 g) was 
added to a solution of sodium ethoxide (42.0 g) in ethanol 
(300 ml). The mixture was stirred and styrene oxide 
(72-0 g) was added dropwise during 2 h. The temperature 
of the mixture was maintained at 40° during the addition 
and then the mixture was set aside overnight at room 
temperature. After cooling to 15°, cooled glacial acetic 
acid was added slowly until the solution was slightly acidic. 
The excess of alcohol was removed under reduced pressure 
and water was added to dissolve the precipitated sodium 
acetate. The oily layer which formed was separated from 
the aqueous layer and the latter was extracted once with 
ether. The ethereal solution was added to the oily product 
and the resulting solution was dried (Na 2SO4) and evapor-
ated. The crude product was distilled under reduced 
pressure to yield, as an oil, a Ca. 1 : 1 mixture of the 4-
phenyl (32) and the 3-phenyl lactone (33) (80 g. 57%), 
h.p. 160-1650 at 1 mmHg (lit., 20 188-191° at 3-0 rniifflg), 
M 234. 1H N.rn.r. spectroscopy in GDC1, indicated that 
the product was a mixture of cis- and trans-isomers of both 
constitutional isomers (32) and (33). The H-4 signals at 
4-58 and 4-31 for the 4-phenyl lactone (32) showed a 
cis-trans isomer ratio of Ca. 56: 44. Separation of time two 
constitutional isomers (32) and (33) was attempted by tIc. 
and g.l.c. but was not successful. 
2-Carboxy-4-phenyl-y-butyvolactone (34) 20  and the 3 
Phenyl Isomer (35)-The oil-containing the iactones (32) 
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and (33) (11.2 g) was shaken with potassium hydroxide 
(15.0 g) in water (30 ml) until the mixture became homo-
geneous. It was set aside overnight at room temperature 
and was then acidified with conc. hydrochloric acid and 
cooled to give a crystalline solid. The crude product was 
recrystallised from water to yield a mixture of the acids 
(34) and (35) (6•5 g, 66%), m.p. 148-150° (lit., 20 1493-
150°). T.l.c. indicated the presence of two components. 
These were separated by preparative t.l.c. [benzene-
dioxan-acetic acid (95: 25: 4) as developing solvent]. 
The slower-moving component was shown (see below) to be 
the acid (34), m.p. 94-96 °, M 206, and the faster moving 
component the acid (35), m.p. 144-146°, in the mass 
spectrum of which a molecular ion was not detected. 
The constitutional isomers [(34) and (35)] were character-
ised as their methyl esters, prepared by treatment with 
diazomethane in ether. 2-Methoxycarbonyl-4-PheflYl-'/-
butyrolactone (36), an oil, showed v (CHC1 3) 1770 cm' 
(CO). 111 N.m.r. spectroscopy in CDC1 3 indicated (e.g. 
two signals at r 622 and 624 for the CO 2Me groups) that 
the product was a mixture of cis- and trans-isomers. The 
H-4 signals at 4•58 and 4•31 showed a cis-trans ratio of 
ca. 54: 46. 2_Methoxycarbonyl-3-phenyly-bUtYrOlac10fle ( 37) 
was also an oil, v., (CHC1 3) 1770 cm' (CO). 1 H N.m.r. 
spectroscopy in CDCI 3 indicated (e.g. a broad signal at 
623 for the CO 2Me groups) that the product was a 
mixture of cis- and trans-isomers. 
2Methy1ene-4-phenyl-y-bUtY7OlaCtOfle ( 40) 20 and the 3 
Phenyl Isomer (41).—Diethylamine (75 g) was added to 
the mixture (3.5 g) of acids (34) and (35), and then 30% 
formaldehyde solution (3.7 g) was added with stirring. 
The mixture of acids dissolved while the mixture effervesced 
and evolved heat. After 2 days at room temperature, the 
aqueous layer was saturated with potassium carbonate and 
the upper organic layer was separated from it and diluted 
with ether. The ethereal solution was washed twice with 
water. The combined ethereal extracts were dried (Na 2SO4 ) 
and evaporated. Distillation of the residue yielded an oil 
containing 2diethylaminomethy14-phenyl-y-bUtYrOlactone 
(38) and the 3-phenyl isomer (39) (1.6 g, 40%), h.p. 112-
116° at I mmHg (lit., 20 116-118° at 02 mmHg), 1W 247. 
These two constitutional isomers [(38) and (39)] could not 
be separated by t.l.c. or g.l.c. Accordingly, they (1.5 g) 
were mixed with methyl iodide (7 ml); after a few minutes, 
a pale yellow solid separated out. It was washed with 
ether to give the crystalline quaternary salts. A 5% 
sodium hydrogen carbonate solution (35 ml) was added to 
this product with stirring. A thick yellow oil separated 
out. Next day this was extracted with ether and the 
extract was dried (NaSO 4) and evaporated to leave a 
yellow oily mixture (750 mg, 75%). T.l.c. and g.l.c. on a 
capillary column of diethvlene glycol succinate at 220 0 
indicated the presence of two components, which were 
separated by column chromatography on silica gel [ethyl 
acetate-light petroleum (b.p. 60-80°) (1: 4) as eluant]. 
Component 1 yielded 2_metlzylene-3-phenyl-y-butyrOlaCtOfle 
(41) as an oil (Found: M, 1740676. 6, 1H 1002 requires 
M, 174.0681), (CHCI 3) 1760 cm' (CO), (CDC1 3) 
240-300 (5H, m, Ph), 366 and 4'56 (2H, 2 x d, Jaflylic 
28 Hz in each case, H 2C), and 514-590 (311, m, H-3, 
H-4, and -4ç3). Component 2 yielded a crystalline 
product which was recrstallised from ether-hexane to 
give 2-rnethvleize-4-phenyl-y-butyrOlaCtOlie ( 40), m.p. 50-51° 
(Found: iVI, 174.0676), v., (CHC1 3) 1770 cm (CO), 
(CDC],) 242-296 (5H, m, Ph), 372 and 435 (2H, 
2 X t, Jgiiyic 27 and 25 Hz, HC=C), 450 (1H, q, J 70 
and 80 Hz, H-4), and 642-736 (2H, m, H-3z and -3(3). 
Hydrogenation of 2-Melhylene-4-phenyl-y-butyrOlaCtOfle 
(40).—The lactone (40) (100 mg) was dissolved in ethanol 
and 10% palladium-carbon (25 mg) was added. The 
mixture was hydrogenated for 6 mm (uptake 05 moL. 
equiv.), filtered, and evaporated; the residue was shown 
by t.l.c. to contain at least two 'fast-moving ' components 
and one 'slow-moving ' component. The former were 
separated from the latter by preparative tIc. (chloroform 
as developing solvent). Fraction 1 was shown by 'H n.m.r. 
spectroscopy in CDCI 3  to contain 2-methyl-4-phenylbut-
2-en-4-olide (6) and cis-2-methyl-4-phenyl-y-butyrOlactOfle 
(ha) in the ratio Ca. 57 : 43 (obtained by integration of the 
H-4 signals). A trace. (<3%) of irans-2-methyl-4-phenyl-
y-butyrolactone (lib) was observed. Fraction 2 was 
identified as 2-methyl-4-phenylbutyriC acid, 1W 178. 
Hydrogenation of 2Methylene-3-15henyl-y-butyrOiaCtOfle 
(41)—The lactone (41) (200 mg) was dissolved in ethanol 
and 10% palladium-carbon (50 mg) was added. The 
mixture was hydrogenated for 15 mm (uptake 10 mol. 
equiv.), filtered, and evaporated. The residue was examined 
by t.l.c. and 'H n.m.r. spectroscopy. Both indicated the 
presence of cis- (31a) and trans- (31b) 2-methyl-3-pheny1-
y-butyrolactone as well as a trace of a third component 
thought to be 2-methyl-3-phenylbut-2-en-4-Olide (42). In-
tegration of the signals for the methyl protons in the 'H 
n.m.r. spectrum (CDCI 3 ) gave product ratios of Ca. 62: 30:-8 
for (31a) :(31b) :(42). The assumption (cf. ref. 59) was 
made that the major product is the cis-isomer (31a). 
G.l.c. analysis on a capillary column of diethylene glycol 
succinate at 200° indicated a cis-trans isomer ratio of 73: 27. 
The three components were isolated by preparative tic., 
first with ethyl acetate-petroleum (b.p. 60-80 °) (1: 4) as 
developing solvent, to give pure trans-isomer (31b) as the 
faster-moving component, and secondly with chloroform 
as developing solvent, to give pure cis-isomer (31a) and the 
a(3-unsaturated lactone (42) from the slower-moving com-
ponent. cis- 2-Methyl-3-phenyl-y-hutyrOlaCtofle (31a) had 
m.p. 33-34° (from ether-hexane), v,,, (CHCI 3) 1770 cin' 
(CO), (CDCI 3) 255-296 (511, m, Ph), 530-560 (2H, m, 
2 x H-4), 620-643 (lH, m, H-3), 686 (1H, quintet, H-2), 
and 913 (311, d, J 70 Hz, CH,); the trans-isomer (31b) 
was an oil, Vm (CHCI3) 1770 cm (CO), (CDC1 3) 250-
290 (511, m, Ph), 534-598 (2H, m, 2 x H-4), 6•53-688 
(IH, m, H-3), 710-748 (1H, m, 1-1-2), and 875 (3H, ci, 
J 7-0 Hz, CH,). The c43-unsaturated lactone (42) slowly 
crystallised and was recrvstallised from ether-hexane; 
m.p. 115-117 °, M 174, (CDC1 3) 256 (5H, s, Ph), 497 
(214, m, 2 x H-4), and 788 (3H, m, CH 3). 
Ethyl 2-Ethyl-3-liydroxyhexanoate ( 43). 21—Granular zinc 
(150 g) and a small amount of iodine were treated dropwise 
with one-fifth of a mixture of butyraldehyde (10.5 g) and 
ethyl 2-bromobutyrate (300 g) in dry benzene (75.0 ml). 
The rest of this mixture was then added to the reaction 
mixture, which was heated for 1 h under reflux. Ice and 
water were then added, and the mixture was acidified with 
dilute sulphuric acid. The aqueous layer was separated 
from the organic layer, which was washed with water, dried 
(Na2SO 4), and evaporated to give a pale yellow oil. Dis-
tillation under reduced pressure afforded the ester (43) as an 
oil (15 g, 54%), b.p. 75-80 0 at 07 mmHg. 
cis- (12a) and trans- (121) 2,4-Diethyl-y-bulyrolactone.- 
69 E. Tcdeschi, J. I'amionsky, D. Zeider, and S. Fackler, 
J. Org . Chem., 1974, 39, 1864. 
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Sulphuric acid (85%; 5.0 g) was added dropwise with 
stirring to ethyl 2ethyl-3-hydroxyhexaIiOate (43) (5.0 g) 
and the mixture was heated under reflux for 5 h. It was 
then poured into ice-water and extracted with ether (3 x 
250 ml). The combined extracts were washed with 
saturated sodium hydrogen carbonate solution, then with 
water, dried (Na 2SO), and evaporated. Distillation of the 
crude product yielded 2,4-diethyl-y-butyrolaCtOfle (12) 
(2.0 g, 53%) as an oil, b.p. 60-62 ° at 1 mmHg (lit., 2 ' 
88-90°  at 5 mmHg). This product was shown by g.l.c. 
on a capillary column of diethylene glycol succinate at 
130°  to contain two components in the ratio ca. 3 : 2. 
These were separated by column chromatography on silica 
gel (1500 g) with chloroform as eluant. The first fractions 
to be eluted were shown by g.l.c. to be considerably en-
riched with respect to the major component. This was 
obtained pure by preparative g.l.c. (30% polyethylene 
glycol adipate on 60-80 mesh Chromosorb \V at 130 °) and 
was identified (see Discussion) as cis-2,4-diethyl-y-bulyro-
laclone (12a) (Found: 111, 142-0993. C 8H,402  requires 
Al, 14209f14), vm (CHCJ 3) 1770 cm' (CO), r (CDC1 3) 
5•50-588 (1H, m, H-4), 728-7-76 (2H, m, H-2 and H-3cz), 
7-84-878 (511, m, H-3p and 2 x CH3 CH,), and 88&-
9-04 (OH, 2 x t, 2 x CH 3 CH 2). The later fractions to be 
eluted were shown by g.l.c. to be considerably enriched 
with respect to the minor component. This was obtained 
pure by preparative g.l.c. (see above) and was identified 
(see Discussion) as the trans-lactone (12b) (Found: .M, 
1420993), (CHCI 3) 1.770 cm' (CO), (CDC1 3) 542-
576 (111. m, 1-1-4), 7-26--7-62 (1H, m, H-2), 786-8-06 
(21-1, m, H-3m and -3), 806-8-76 (4H, m, 2 x CH,-CH,), 
and 8-86-9-02 (611, 2 x t, 2 x CH, - CH,). '  
cis- (13a) and trans- (13b) 2-Et/iyl-4-;net/zyl-y-butyrO-
lactone.-A sample of 2ethyl-4.methyl-y-butYrOlaCtOflC (13) 
kindly provided by Professor C. Szántay was shown by 
g.l.c. on a capillary column of diethylene glycol succinate 
at 130°  to contain two components in the ratio Ca. 3 : 2. 
These were separated by preparative g.l.c. (30 0 " poly-
ethylene glycol adipate on 60-80 mesh Chromosorb \V at 
1300). The first component was identified by comparison 
of its 'J-I n.m.r. spectrum with that of cis-2,4-dimethyl-y-
butyrolactone (7a) as cis-2-ethyl-4-methyl-y-bntyrOlaCtOfle 
(13a) (Found: Ill, 1280835. C7 11 1202  requires M, 
128.0837), 'max. (CHCI 3) 1770 cm 1 (CO), (Cd 4) 5-46---5-80 
(1H, m, H-4), 746-7-80 (2H, m, H-2 and -3), 7-90-
8-80 (611, ni and d. J 6-2 Hz, H-3f3, CH 3 CH2 , and CH,), 
and 9-04 (3H, t, J 7-0 Hz, CH3 'CH8). The second com-
ponent was identified by comparison of its 1 H n.m.r. 
spectrum with that of the trans-lactone (8b) as the trans-
lactone (13b) (Found: Al, 128.0835), v (CHC1 3) 1770 
cm' (CO), ' (CC,,) 6•30-557 (111, m, H-4), 7-39-7-70 
(IH, m, H-2), 7•91-8-60 (4H, m, H-3c, H-33, and 
CH 3 CH2), 865 (3H, d, J 6-4 Hz, CH.), and 9-00 (3H, t, 
J 70 Hz, CH,-CH,). 
cis- (14a) and trans- (14b) 2-Butyl-4-rnethyl-y-butyrO-
lactone.-A sample of 2buty1-4-methyl-y-butyrOlaCtone (14)  
kindly provided by Professor C. Szántay was shown by 
g.l.c. on a capillary column containing diethylene glycol 
succinate at 140 °  to contain two components in the ratio 
Ca. 3: 2 plus traces of three impurities. These components 
were separated by preparative g.l.c. (30% polyethylene 
glycol adipate on 60-80 mesh Chromosorb W at 140 ° ). 
The first component was identified by comparison of its 
'H n.m.r. spectrum with that of cis- 2,4-dimcthyl-y-butyrO-
lactone (7a) as cis- 2-butyl-4-ii7ethyl-y-butyrolactoiie ( 14a) 
(Found: M, 1564151. C9H 2 O, requires 11'I, 1561150), 
Vrn (CHCI 3) 1770 cm' (CO), 'r (CC1 4) 547-587 (1H, m, 
H-4), 7-27-7-81 (2H, m, H-2 and -3a), 7-87-887 (IOH, 
in and d, J 62 Hz, H-33, CH 3 -CH2 CII2 CH2 , and CR 3), and 
9-08 (3H, t, J 6-5 Hz, CH 3 CH 2 CH 2 CH,). The second 
component was identified by comparison of its 1H n.m.r. 
spectrum with that of the trans-lactone (7b) as the tracts-
lactone ( 14b) (Found: M, 1564151), v (CHC1 3) 1770 
cni' (CO), -: (CC,) 5-29-567 (111, m, H-4), 7.37_7.77 
(111, m, 1-1-2), 7-91-8-15 (211, m, H-3ce and -33), 8-17-8-77 
(9H, in and d, J 6-5 Hz, CH 3 -CH,CH 2 CH2 and C11 3), and 
9•08 (1H, t, J 6-0 Hz, CH3 CH2CH 2 CH 2). 
Equilibration Studies.-Base-catalysed equilibrations of 
the 2,4-disubstituted y-butyrolactones [(7)-(10) and 
(12)-(14)] and of 2methyl-3-pheny1-y-butyrolaCtofle were 
carried out at 250 ± 04°. In all cases, the equilibrium 
situation was approached starting with (i) pure cis-isomer 
and (ii) pure trans-isomer. Equilibrations were followed 
by taking samples at suitable time intervals and analysing 
their isomeric composition. Two methods were employed. 
Method 1. In a typical experiment, the lactone (10- 
25 mg) was added to a 3% solution of potassium t-butoxide 
in t-butyl alcohol (10-25 ml). Samples (2--5 ml) were 
analysed at suitable time intervals, after quenching the 
reaction with Zeocarb 325 and filtering off the resin. 
Method 2. In the cases of the lactones (9) and (10), the 
pure isomer (200 rug) was added to a 10% solution of 
triethylamine in carbon tetrachloride (25 nil). Samples 
(2.5 ml) were analysed at suitable time intervals, after 
quenching the reaction with Zeocarb 325 and filtering off 
the resin. 
Isomer ratios were determined either (procedure 1) by 
g.l.c., from the integrated intensities of the peaks corre-
sponding to the cis- and trans-isomers (in all cases, the 
assumption was made that the detector response was the 
same for both isomers); or (procedure 2) by 'H n.m.r. 
spectroscopy from the integrated intensities of signals due 
to suitably chemically shifted protons or groups in the cis-
and trans-isomers. The results are summarised in Table 5. 
We thank Professor C. Szántay (Institute of Organic 
Chemistry, Technical University, Budapest) for supplying 
samples of mixtures of cis- and trans2ethyl-4-methyl-y-
butyrolactone and 2butyl-4-meth3 ,1-y-but3,ro1aCtorte. Their 
synthesis will be described in a forthcoming publication. 
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Synthesis of Configurationally Chiral Cryptands and Cryptates from 
Carbohydrate Precursors 
By W. DAVID CURTIS, DALE A. LAIDLER, J. FRASER STODDART, and GRAHAM H. JONESt 
(Department of Chemistry, The University, Sheffield S3 7HF, and 
tCorPorale Laboratory, Imperial Chemical Industries Ltd., P.O. Box No. 11, The Heath, Runcorn, Cheshire WA7 4QE) 
Summary Optically pure configurationally chiral 18-
crown-6 and 9-crown-3 cryptands have been synthesised 
from L-tartaric acid and D-mannitol and some of the 18-
crown-6 derivatives have been shown to form cryptates 
with metal and primary alkylammonium cations. 
THE ability' of macrocydic polyethers of the 18-crown-6 
type to complex with primary alkylammonium salts has led 
to the development of so-called host-guest chemistry 2 by 
Cram et al.3 Carbohydrates and their derivatives are not 
only rich in substituted bismethylenedioxy units for 
incorporation into the 18-crown-6 constitution but they also 
provide a relatively inexpensive source of chirality for 
synthesising hosts with potential for exhibiting chiral. 
recognition towards enantiomeric guests. This prospect 
has now been realised by utilising L-tartaric acid and D- 
C 
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mannitol separately in two independent synthetic schemes 
to prepare chiral 18-crown-6 cryptands.' 
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Diethyl L-tartrate was converted (35%) into its O-benzyli-
dene derivative L-(1), 5 m.p. 45 °C, [] - 338° (c 1.5, 
CHC13), which was reduced to the diol L-(2), m.p. 68-69 °C, 
[cl]D - 11-40 (c 2'1, MeOH), with LiA1H 4 in Et,O (92 0//0  yield). 
Benzylation of L-(2) afforded (96%) the dibenzyl ether 
L-(3) as an oil which was subjected to acid-catalysed 
hydrolysis (Zeo-Karb 325 resin, H form) in H,,0-Me,CO 
(refiux) to give the dibenzyl ether L-(4), m.p. 60-61 °C, 
[]D 
5.50 (c 50, CHCI 3), of threitol in 15% yield. Re-
action of L-(4) with NaH and (TSOCH,CH,),0 6 in Me9S0 at 
40 °C for 60 h afforded the dibenzyl ether L-(5) (4%), 
[0t] + 193° (c 58, CHC1 3), and the tetrabenzyl ether 
LL-(6), (12%), [c(]r, + 58 0 (c 3•5, CHC1 3), as oils after 
chromatography (E;O) on silica. Hydrogenolysis (10% 
Pd-C) of LL-(6) gave (75%) the tetraol LL-(7) which was 
characterised as the tetra-acetate LL-(8), m.p. 69-74 °C, 
f]D - 205° (c 50, CHCI,), 'H n.m.r. spectrum (CDCI,): 
'r 5'50-600 (8H, m, 4 X AcOCH,), 606-648 (20H, m, 
CH and CH2 protons), and 794 (12H, s, 4 x Me). Con-
version of the tetraol LL-(7) into the tetratrityl ether 
LL-(9), {)D 
- 3.90 (c 080, MCI.), was also carried out in 
order to increase the steric bulk of the substituerit groupings 
attached to the four chiral centres in the 18-crown-6 
cryptand. 
In order to associate bulky substituents more intimately 
with the 18-crown-6 constitution, and at the same time 
double the number of chiral centres, a synthetic scheme 
emanating from n-mannitol was devised and implemented. 
1,2: 5,6-Di-O-isopropyliderie-n-mannitol 7 was converted 
(91%) into its diallyl ether D-(10), [cz]D + 89° (c 142, 
CHC1,), which was then subjected to ozonolysis followed 
by reduction (NaBH 4 ) to give the diol D-(11), m.p. 73-74°C, 
[J + 15•1 ° (c 096, CHCI3), in 14% yield after cliromatq-
graphy (EtOAc) on silica. Conversion (26%) of D-(11) into 
the ditosylate D-(12), m.p. 91-92 °C, [] ± 121° (c 0.7, 
CHCI,), was followed by the reaction of equimolar pro-
portions of n-(11) and n-(12) with Nall in Me,SO at 50 °C 
for 40 h to afford the tetra-O-isopropylidene derivative 
DD-(13), Ic]D + 76° (c 0.59, CHCI,), as an oil (14%) after 
chromatography (Et,O) on alumina. Subsequently, DD-
(13) (14%) was isolated together with the di-O-isopropyli-
dene derivative D-(14) (6%), [c]n + 51° (c 098, CHC1 3 ), 
as an oil after chromatography (Et,O) on alumina of the 
products resulting from reaction between 1,2: 5,6-di-0-
isopropylidene-o-mannitol, 7 (T5OCH,CH,) 20, 6 and NaH in 
Me,SO at 50 °C for 4 h. Acid-catalysed hydrolysis (Zen-
Karb 325 resin, H form) of DD-(13) in 11 20.-14e 2C0 (reflux) 
gave quantitatively the octaol DD-(15), in.p. 58-60 °C, which 
was characterised as its octa-acetate DD-(16), k]n + 484° 
(c 0•57, CHC13 ) 1  'H n.m.r. spectrum (CDCI 3): r 464-486 
(411, m, 4 x AcOCH), 528-582 (811, AB portion of an 
ABX system, JAn 125, fAX  30, Ja 65 Hz, 4 x Ac00H1), 
612-654 (20H, m, othe, CH and CH, protons), and 7•92 
and 794 (2 x 12H, 2 x s, 8 x Me), and its octamethyl 
ether DD-(17), [] ± 4,7o (c 11, CHC13 ). Treatment of the 
N 	 H octaol DD-(15) with a10 4 (6 mol) in ,O at 22 °C for 48 h 
followed by reduction (NaBH 4 ) and acetylatiort afforded 
DD-(8), [] + 202° (c 5.0, CHC1 3), and thus provided 
enantiomerically-related DD and LL cryptands of the tetra-
acetate (8) from D-rnannitol and L-tartaric acid, respectively. 
The cryptands L-(5), LL-(6), LL-(8), DD-(8), LL-(9), DD-(13), 
DD-(14), DD-(16), and DD-(17) all dissolved alkali metal and 
primary alkylammonium salts in organic solvents. The 
formation of cryptates (Ca. 1: 1) with t-butylammonium 
thiocyanate in CDCI 3 was accompanied by significant 
changes in the 'H n.m.r. spectra of the cryptands. A 
quantitative assessment of complexing power was obtained 
by measuring stability constants defined as equilibrium 
constants (K in 1 mol') for the equilibrium: 
K 
MX + Cryptand -_ Cryptate X. 
Stability constants were measured potentiometrically 8 in 
MeOH with an ion-selective electrode in the case of alkali 
metal chlorides and by an 'H n.m.r. spectroscopic method 9 
in CDCI, in the case of primary alkylammonium thio-
cyanates. Stability constants for LL-(6) (ButNH 3+, 20 x 
10), LL-(9) (But-'\-H3+, <10 x 10), and DD-(13) (Na", 3.9 
X 103 ; I'(, 30 x 104 ; Rb, 46 x 10; ButNH,, <30; 
PhCH2NH3 , 1•5 x 106) indicate that these 18-crown-6 
Professor J.-M. Lehn has suggested the use of the term 'cryptand' to describe all types of cavity-containing ligands. the recom-
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cryptands form strong cationic complexes. The dramatic 
decrease in the stabilities of the t-butylammonium thio-
cyanate complexes as the steric bulk of the substituent 
groups of the hosts is increased is not unexpected. Inspec-
tion of CPK space-filling models indicates that the steric 
interaction between the t-butyl group of the guest and the 
substituent groups of the host becomes quite important 
in DD-(13) assuming a three-point binding model' 0 involving 
hydrogen bonding of the hydrogens on NH 4 to alternate 
oxygens in the 18-crown-6 cycle. By contrast, the models 
show that the benzylammonium cation is accommodated 
comfortably by the host and so it is not surprising that 
benzylammonium thiocvanate forms a strong complex with 
DD-(13). 
This investigation demonstrates the ability of configura-
tionally chiral cryptands to form cryptates" with metal 
and primary alkylammonium cations. 
(Received, 11th August 1975; Corn. 932.) 
J. Pedersen, J. Amer. Chem. Soc., 1967, 89, 7017; C. J. Pedersen and H. K. Frensdorff, Angew. Chem. Internal. Edn., 1972, 11, 16. 
J. Cram and J. M. Cram, Science, 1974, 183, 803. 
'E. P. Kyba, M. G. Siegel, L. R. Sousa, G. D. Y. Sogah. and D. J. Cram,  J. Amer. Chem. Soc., 1973, 95, 2691; F. de Jong, M. G. 
Siegel. and D. J. Cram, J.C.S. Chem. Comm., 1975, 551, and other papers in this series. 
'B. Kaempf, S. Raynal, A. Collet, F. Schu, S. Boileau, and J.-M. Lehn, Angew. Chem. Internal. Edn., 1974, 13, 611. 
Ehrlenmeyer, Biochem. Z., 1915, 68, 351. 
• J. Dale and P. 0. Kristiansen, Acta Chem. Scand., 1972, 26, 1471. 
'E. Baer, J. Amer. Chem. Soc., 1945, 67, 338. 
B H. K. Frensdorff, J. Amer. Chem. Soc., 1971, 93, 600. 
• J. M. Timko, R. C. Helgeson, M. Newcomb, G. W. Gokel, and D. J. Cram,  J. Amer. Chem. Soc., 1974, 95, 7097. 
10 E. B. Kyba, K. Koga, L. R. Sousa, M. G. Siegel, and D. J. Cram,  J. Amer. Chem. Soc., 1973, 95, 2692; R. C. Helgeson, J. M. 
Timko, P. Moreau, S. C. Peacock, J. M. Mayer, and D. J. Cram, ibid., 1974, 96, 6762; G. W. Gokel, J. M. Timko, and D. J. Cram, 
J.C.S. Chem. Comm., 1975, 444. 
11 J.-M. Lehn, Structure and Bonding, 1973, 16, 1. 
Chiral Recognition by Configurationally Chiral Cryptands 
By W. DAVID CURTIS, DALE A. LAIDLER, J. FRASER STODDART*.  and GRAHAM H. JoNEst 
(Department of Chemistry, The University, Sheffield S3 7HF, and 
tCorporate Laboratory, Imperial Chemical Industries Ltd., P.O. Box No. 11, The Heath, Runcorn, Cheshire WA7 4QE) 
Reprinted from 
Journal of The Chemical Society 
Chemical Communications 
1975 
The Chemical Society, Burlington House, London W1  OBN 
83 	 J.C.S. CHEM. Co., 1975 
Chiral Recognition by Configurationally Chiral Cryptands 
By W. DAVID CuRTIs, DALE A. LAIDLER, J. FRASER STODDART, and GRHAM H. JoNEst 
(Department of Chemistry, The University, Sheffield S3 7HF, and 
tCorp orate Laboratory, Imperial Chemical Industries Ltd., P.O. Box No. 11, The Heath, Runcorn, Cheshire WA7 4QE) 
Summary 1, 1',4,4'-Tetra-O-triphenylmethyl-2, 2': 3, 3'-bis-
O-oxydiethylenedi-L-threitol [LL-(3)] and 1,2: 1',2': 5,6: 
5',6'-tetra-0-isopropylidene-3,3': 4,4'-bis-0-oxydiethyl-
enedi-D-mannitol [DD-(4)] exhibit enantiomeric differen-
tiation in complexation equilibria towards (± )-(RS)--
phenylethylammonium hexafluorophosphate. 
RECENTLY the first steps have been taken by chemists'.' 
towards synthesizing organic catalysts which will exhibit 
the characteristics of regioselectivity and stereoselectivity 
in catalysing chemical reactions that are normally associated 
with enzyme-catalysed transformations found in Nature. 
The availability3 of optically pure configurationally chiral 
cryptands LL-(1)—(3) and DD-(4)—(6) which are derived 
from relatively inexpensive sources of chirality and which 
complex primary alkylaminonium cations has prompted us 
to examine their chiral recognition properties towards  
(— )-(S)-, and (± )-(RS)--phenylethylamine 
[(+)- (R) - (7), (—)-(S)-(7), and (±)- (RS) - (7)] salts. 
Cryptands (1)—(6) all have D, symmetry and conse-
quently the two faces of the chiral host cycles are homo-
topic. This means that complex ation of achiral or optically 
pure guests to either face affords identical complexes. 
However, complexation of enantiomeric guests results in the 
formation of diastereomeric complexes. An n.m.r. spectro-
scopic method4 ' 6 was used to identify the diastereomeric 
complexes and obtain their relative proportions at equili-
brium. In all cases three experiments were performed in 
which the guest was partitioned betwen D,O and CDC1, in  
the presence of the chiral host. In type (i) experiments, 
0.126 mmol of host was dissolved in 07 ml of CDC1 3 and 
shaken for 1 min at room temperature with 08 ml of DO 
R 0 	0 R 	R 0 	0 -R 
R)0 	O' R 	
R 'hb0 0 LR 
Lo) 
LL-(1) R = CH20CH2Ph 	 Me 	0 
L1-(2) R = CH 20Ac 	DD-(4) R 










containing 0745 mmol of (+) - (RS) - (7)HCl, and 0745 mmol 
of LIPF6 . ' The 1 H n.m.r. spectrum of the CDC1 3 ' layer was 
then recorded and integrated. In experiments (ii) and 
(iii), (+ )-(R)-(7).HC1 and (— )-(S)-(7) .HC1, respectively, 
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TABLE. 1H N.m.r. spectroscopic data for the CDCI 3 layer in chiral recognition experiments on hosts LL-(1)—(3) and Do-(4)--.(6) with 
guests (+)-(R)-(7).HPF6,  (—)-(S)-(7) .FIPF6, and (±) - (RS) - (7).HPF6. 
Enantiomeric 
T(f/Hz) b T (J/Hz).b differentiation 
Hosts (R)Guest[Me] 0 (S)_Guest[Me]C [Guest]/[Host)" (R)-Guest: (S)-Guest 
8'53 (6.8) 8-56(6-8) 10 50:50 
8•72 (6.6) 8-75(6-6) 1'0 40:60 
(+)-Dn-(4) 8-38(7-0) 8.33.(70) 1'3 62:38 
(+)-DD-(5) 	. 8-36(7-0) 8-34(7-0) 14 50:50 
a Hosts (—)-LL-(2) and (+)-Do - (5) exhibited insufficient splittings between the methyl doublets of the racemic guests to permit 
reliable calculations of the enantiomeric differentiation. The guest to host ratios for (—)-LL-(2) and (+)-DD-(5) were 09 and 17, 
respectively. b The spectra were recorded on a Varian HA 100 spectrometer with Me 6 Si as 'lock' and internal standard. C Assign-
ments were made on the basis of type (ii) and type (iii) experiments. d  Guest to host ratios in excess of l'O indicate the presence of 
some 2: 1 complex formation which could arise through hydrogen bonding of a second guest to oxygens in the side chains of the host. 
e 2H n.m.r. spectra recorded at 70 °C in order to obtain better resolution. 
replaced (±)-(RS)-(7).HCl. Although diastereomeric com-
plex formation is accompanied by significant changes in the 
1H n.m.r. spectra of the hosts4 it manifests itself most 
noticeably in small chemical shift differences between 
originally coincident signals arising from the previously 
pp m. 
FIGURE 1. The noise-decoupled 13C n.m.r. spectrum of nn-(4)-
(RS)(7).HPF6 : H indicates host signals and G indicates guest 
signals. Guest signals are assigned from low field to high as (a) 
substituted carbons in the (R) and (S) phenyl rings, (b) ,nela and 
Para carbons in the phenyl rings. (c) orho carbons in the (S) and 
phenyl rings. (d) (R) and (S) methine carbons, and (e) (R) and 
methyl carbons. 
enantiomeric guests. In the case of cryptands (+) -' i - ( 1 ), 
(—)-LL-(3), (+)-DD-(4),  and (+)-DD-(6)  two doublets were 
observed in type (i) experiments for the methyl groups of 
the guests in the diastereomeric complexes formed between 
the hosts and the racemic guests. The configurational 
assignments to the diastereomeric complexes was made on 
the basis of type (ii) and type (iii) experiments with optically 
pure guests. The molar ratios of guest to host were 
obtained directly from integration and the enantiomeric 
differentiations were deduced by line shape analysis on 
expanded spectra (50 liz sweep width) using a suitable 
computer program. The results are summarised in the 
Table. The enantiomeric differentiation of 62: 38 ex-
hibited by DD-(4) towards (RS)-(7).HPF 6 in favour of the 
(R)-isomer is confirmed qualitatively but convincingly in 
the noise-decoupled 13C n.m.r. spectrum (Figure 1) obtained 
for a type (i) experiment. 
Chiral recognition is observed when the substituent 
groups on the configurationally chiral 18-crown-6 cycle are 
bulky. With the L-series host LL-(3), complex LL-(3)-(S)-
(7).HPF0 is Ca. 240 cal mol' more stable than complex 
LL-(3)-(R)-(7).HPF.. With the D-series host DD-(4), corn- 
Me. o..4-4- 	.44 0 Me 
1 MeX o ' H 0 we 
DD-(L)-(.Ql- (7)• HPF6 








Fiouaa 2. Three-point binding models for the diastereomeric 
complexes no-(4)-(R) -(7) .HPF6 and DD-(4)-(S)-(7) .HPF e . 
plex DD-(4)-(R)-(7).HPF 6 is Ca. 300 cal mol more stable 
than complex DD-(4)- (S)-(7) .HPF 6 . Although the free 
energy differences are small they are in accord with ex-
pectation arising out of inspection of molecular models. 
Assuming a three-point binding model 2 ' 3 ' 6 for the 1: 1 
complexes formed between no-(4) and (R)-(7).HPF6 , and 
DD-(4) and (S)-(7).HPF 6 , and selecting the Newman pro-
jection which places the phenyl group over a region of the 
18-crown-6 cycle free of substituent groups, the methyl 
group of the guest is seen (Figure 2) to interact more severely 
with a side chain in the DD-(4)-(S)-(7).HPF 6 complex. In 
the L-series the situation is reversed and the LL-(3)-(R)-(7)._ 
HPF6 complex experiences this destabilising interaction. 
The fact that no duplication of the signals for the hosts are observed means that exchange between guest and host is fast on the 
n.m.r. time scale. 
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Although optically active configurationally chiral crypt- ality 2 '8  and hosts derived from carbohydrate precursors are 
ands have been reported previously, 1 '7  the chiral recognition well-endowed with functional groups. 
exhibited by LL-(3) and DD-(4) is novel and puts them on a 	We thank Dr. B. F. Taylor for recording, the 
13C n.m.r. 
par with the simple conformationally chiral cryptands 2  spectra on a Jeol PSIOO spectrometer. 
obtained from 2, 2'-dihydroxy- 1,1 '-binaphthyl. Stereo- 
selectivity in complexation is one important requirement 
for an organic catalyst. Another requirement is function- 	 (Received, 11th August 1975; Corn. 933.) 
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Preliminary communication 
Synthesis of a [21-cryptand with carbon bridgeheads 
ANDREW C. COXON and J. FRASER STODDART 
Department of Chemistry, The University, Sheffield S3 7HF (Great Britain) 
(Received August 7th, 1975; accepted for publication, August 18th, 1975) 
Recently, we described' the synthesis of the macrobicyclic polyethers 1, 2, and 3 
from pentaerythritol. Attempts to effect hydrogenolysis of the dime thane suiphonate 3 
with lithium aluminium hydride gave the diol 2, together with small proportions of the 
alcohol 4. Since none of the dimethyl [2]-cryptand 5*  was obtained from this reaction, we 
have devised independent routes to compound 5 which we now report. 
	
Me 	CFiOH 




I P' = 	= CH20CH2 Ph 	 6 P = 1-4 
2 P' = R2 = CH2 OH 	 8 P = PhCH2 
3 R' = p2= Cl-l20Ma 
4 P' = Me; R 2 = CI-420H 
5p 1  = p2 = Me 
1,1,1-Tris(hydroxymethyl)ethane (6) can be converted  into its O-benzylidene 
derivative (7)**  which, on treatment with lithium aluminium hydride—boron trifluoride 4 
in ether, gave the nionobenzyl ether 8, m.p. 48-49 0 , in good yield. Treatment of diol 8 
with sodium hydride and diethyleneglycol ditoluene-p-sulphonate 5 in methyl suiphoxide 
afforded products with constitutions 9 and 10. 1-lydrogenolysis of this mixture of products 
over a palladium catalyst yielded the alcohol 11 as a colourless oil, and a crystalline mixture 
*professor  J.-M. Lehn has suggested the use of the term cryptand to us to describe all types of cavity-
containing ligands. See also Ref. 2. 
**The product is a mixture of diastereoisomers which can be separated chromatographically. For the 
present purpose, we have used the mixture. 
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(m.p. 51-53 0) of the diastereomeric diols 12a and 12b***,  after chromatography (ether—
methanol) on silica gel. Since all attempts, including high-pressure liquid chromatography, 
to separate 12a and 12b have so far been unsuccessful, the mixture of diols (12) was re-
acted with sodium hydride and diethyleneglycol ditoluene-p-sulphonate 5 in dimethoxy-
ethane to give the dimethyl [2]-cryptand 5 [m.p. 59-600 ; ' H-nm.r. data (CDC1 3 ): 
3.62 (s, 24H, —OCH 2 CH 2 0-protons), 3.46 (s, 12H, other CH 2 protons), and 0.91 (s, 6H, 
2 x Me)] in 7% yield after chromatography. 
R' 	 /•\ 	p2 
_ 
Me 0. 0 	




ROH2C 	OJ 	 R3 	 \/ 	R4 
9 R = CH2Ph 	 lOa R1 = R2 = Me: P3 = R4 = CH20CH2 Ph 
11 R = H 	 lOb R = P 4 = Me; R2 = R3 = CH20CH2 Ph 
120 P' = R2 = Me; P3 = P4 =Ci-120H 
12b P1 = P= Me; R 2 = R 3 CH20H 
0 oKIIIIIo 13 - CH2OH 	 \__,5\__1P 
14 
The dimethyl [2]-ciyptand 5 can also be obtained in a five'-step synthesis from 
pentaerythritol. 3,3-Bihydroxymethyl)oxetane (13) is readily obtainable  from mono-
bromopentaerythritol 7 . Treatment of diol 13 with sodium hydride and die thyleneglycol di-
toluene-p-sulphonate 5 in methyl suiphoxide afforded the dispiro-compound 148,  mp. 
85-860 . Reductive ring-opening of the oxetane rings in 14 with lithium aluminium hydride 
in ether yielded the diastereomeric diols 12a and 12b**!,  from which the dimethyl [2]-
cryptand 5 was obtained in 177o yield as previously described. 
Inspection of Corey—Pauling—Koltun space-filling models indicates that S has a 
cavity size compatible with a sphere whose radius is between the ionic radii 9 of potassium 
(1.33 A) and rubidium (1.49 A) ions. 
Although the dimethyl [2]-cryptand 5 will dissolve salts of alkali metals in organic 
solvents (e.g., benzene or chloroform), stability constants defined by the equilibrium 
constants (K in I. mol') for complex formation according to equation (1), and measured' ° 
potentiometrically with an ion-selective electrode, were found to be surprisingly low 
'The noise-decoupled ' 3 C-nm.r. spectrum in CDCI 3 exhibits seven signals, indicating that both dia-
stereoisomers are present. The spectrum of the pure cis-diol (12a), which has been obtained in low yield 
by a stereospecific synthesis, exhibits six signals. 
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[K(1og K = 2.2), Rb(log K = 1.9), and Cs(log K = 1.6)] in methanol solution. The cor -
responding values [K(logK = 1.8), Rb(1ogK = 1.4), and Cs(logK = 0.8)] obtained for 
the dispiro-compound 14 indicate that the strength of the complexes increases only 
marginally in methanol on going from [1]-cryptand 14 to the [2]-cryptand S. 
kf 
[2]-C + M, n solvent 	[2]-CM + n solvent 	 (1) 
kb 
However, 1  H-n.m.r. spectroscopy indicates that S and potassium thiocyanate form 
a strong complex in solution in CDCI 3 —CS 2 (2:1). At room temperature, a sharp singlet was 
observed at 6 0.88 for the methyl protons. On addition of an equimolar amount of potas-
sium thiocyanate, a new, well-resolved singlet was observed at 6 0.76 for the methyl protons. 
When - 0.5 molar equivalent of potassium thiocyanate was added, the methyl protons 
resonated as a well-resolved singlet at 6 0.80. Decreasing the temperature of the solution re-
sulted in broadening of the signal and eventually the appearance (Fig. 1) of two singlets 





iI.Ie 	 .xsIe 
Fig. 1. The temperature dependence of the partial 'H-n.m.r. spectrum (100 MHz) of  CDC1,—CS 2 
(-2:1) solution containing approximately equimolar amounts of the dimethyl [2]-cryptand 5 and the 
corresponding potassium ion complex. 
C4 
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exchange of potassium ions between the complex and the cryptand, where the rate-limiting 
step is the dissociation of the complex, i.e., kb <kf. Rate constants (kb) were obtained at 
several different temperatures between —16 and —51 °  by carrying out line-shape analyses 
with a computer program suitable for simulating n.m.r. line-shapes resulting from exchange 
of nuclei between two sites with no mutual coupling. The corresponding free energies of 
activation, obtained from the Eyring equation in the usual manner, gave a value for tG of 
12.3 ±0.3 kcal. moF 1 . Thus, it would appear that the dimethyl [2]-cryptand 5 forms strong 
complexes with potassium ions in CDCI 3 —CS 2  solution. Whether or not complexation is as-
sociated with cryptate 9 formation (i.e., encapsulation of the potassium ion by the [2]-
cryptand) must await the result of an X-ray crystal structure analysis. 
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the second language of most 
younger Iranian chemists and ij 
taught at school, although many 
of the older generation speak 
French. There are no PhDs 
awarded in Iran so all teaching 
staff of the universities have 
studied abroad. The large number 
of contributions from Iran thus 
came from MSc students and 
academics' personal research. 
With teaching loads much higher 
than we are accustomed to this 
represents some hard-working  
university teachers. 
Social life was not neglected 
with several evening receptions 
and a half-day visit to Persepolis 
although with lectures starting 
at 8.15 am, one tended not to 
stay out too late. 
Shiraz is a small modern city 
of 280 000 inhabitants some 
1000 km south of Tehran and 
5250 feet above sea level. It is 
lamed as the city of roses and 
Over 200 participants attended 
the 11th Annual Chemical Soc-
iety Symposium on Modern 
aspects of stereochemistry 
which was held in Sheffield on 
18 December 1974. 
J. D. Dunitz (ETH. Zurich) 
described how static information 
provided by crystal structures 
serves as a guide towards under-
stan'ng dynamic situations 
associated with chemical reac-
tivity. The treatment is based on 
the theme that the subsystems 
in crystals deform along paths of 
least resistance in a manner 
reminiscent of chemical reactions 
taking place along valleys on 
potential energy surfaces. 
Impressive correlations were ob-
tained for crystal structure data 
involving (I) the potential energy 
surface for the reaction H 2 + H 
—+ H + H 2 and triatomic sub-
systems (eg 1 31. (ii) the SN2 
reaction and pentacoordinated 
species [eg X—(CdS 3 )--Y where 
X. V = 0. S. I), and (iii) the 
SN1 reaction and tetracoordina-
ted species (eg AlCl. SnCl 4 . 
P0) where C3v symmetry is 
retained. Nucleophilic additions 
to carbonyl compounds were 
shown to involve attack by 
nucleophiles along an approxim-
ately tetrahedral pathway with 
respect to the carbon—oxygen 
bond. 
In a fascinating lecture on 3-
lactam antibiotics, J. E. Baldwin 
(MIT) demonstrated how he had 
subjected Arnsteins hypothesis 
(Biochemical Journal. 1957-67  .
180) for the biosynthesis of 
penicillin from S-(L-o-amino-
adipyl)-L-cysteinyl-O-valine to 
detailed scrutiny. A thioaldehyde 
of type (1) was prepared but 
could not be converted into a 
poets. Unfortunately, we were 
too early for the roses and the 
poets (Saadi and Hafez) are 
represented by impressive tombs 
in beautiful gardens, having 
lived in the 13th and 14th centur-
ies: The conference was held in 
the modern, rapidly expanding 
Pahlavi University. Some of 
the teaching here is in English. 
although other universities teach 
in Persian. Spring is the rainy 
season in Shiraz but mostly the 
weather was sunny and warm. 
After 21 weeks of sun and 
temperatures in the 80s, it was a 
rude shock to return to snow in 
England. 
This was a most interesting 
congress and the Iranian Chemi-
cal Society is to be-congratulated 
for its excellent organization and 
thanked for the warm welcome 
extended to foreign visitors. 
David Machin 
penicillin derivative. The stereo-
electronics for the -lactam 
closure are unfavourable be-
cause of the orthogonal align-
ment of the orbitals in (1) that 
would be required to participate. 
A thioaldehyde of the type (2) 
should undergo a suprafacial 
'ene' reaction to give Arnsteins 
hypothetical -lactam (3). 
Since attempts to synthesize 
such aldehydes proved fruitless. 
the -lactam thiol (4) was pre-
pared. However, this compound 
would not undergo an intra-
molecular Michael reaction to 
give a penicillin derivative, pre-
sumably because of stereo-
electronic constraints. It was 
concluded that Arnsteins hypo-
thesis is not viable chemically. 
Baldwin also discussed the 
possibility that -lactam anti-
biotics could be generated direct-
ly from dipeptide precursors and 
he outlined experimental 
approaches which could be 
used to test this novel concept. 
CH3 CH3 






co 2cH 3 
(4) 
J. W. Apsimon (Carleton 
University. Ottawa) discussed  
approaches towards the stereo-
selective synthesis of friedelin 
(5) and related triterpenoids. 
One approach involves the initial 
synthesis of the DE bicyclic 
unit with the thermodyrrarnically 
less stable cis-junction. Another 
approach involving cyclization 
of an ABC tricyclic unit to the E 
ring already attached to it to 
form the D ring and hence give 
a pentacychic derivative, appears 
to hold promise. Apsimon rein-
forced the opinion expressed by 
Baldwin that proposed bio-
genetic pathways involving 




K. Mislow (Princeton) began 
his lecture by discussing the 
dynamic stereochemistry of 
trimesitylmethane (6) where the 
three aryl groups possess local 
C2 symmetry (2 isomers possible) 
and 1-(2-methoxynaphthyl)-1-
(2-methylnaphthyl)-1 -(3-
methyl. 2.4.6 - trirnethoxyphenyl - 
methane (7). a 32-isomer system 
with three different aryl groups 
lacking local C2 symmetry. 
Variable temperature 'H nmr 
spectroscopy in conjunction 
with strain energy calculations 
indicate that compound (6) 
adopts a propeller conformation 
in the ground stale and under-
goes enantiomerization by a 
two-ring flip mechanism. Two 
diastereoisorners of (7) were 
Separated by fractional crystal-
lization, being interconvertible 
(barrier of ca 30.5 kcal mol 
(128 kJ mol -1 )) by a one-ring 
flip mechanism even when all 
interconversions by the two-
ring flip mechanism are rapid. 
This is a case of residual die-
stereoisomerism, ie the observa-
tion of conformers within con-
formers. Mislow concluded his 
lecture by discussing the dynam-
ic stereochemistry of suitably  
substituted tetraphenylmethanes 
(192 isomers possible) and 
claiming that the modern stereo-






G. L. Closs (University of 
Chicago) launched into a semi-
empirical quantitative treatment 
of the CIDNP effect with the 
retort that the organic chemist 
also needs a knowledac of 
quantum mechanics no'..'adays. 
Experimental enhancement fac-
tors were obtained using 
FT nmr spectrometer for the 
Stevens rearrangement [ 1,8) - 
(9)] on a range of ammoriiurn 
ylides (8). When these were 
compared with theoretical en-
hancement factors, it was con-
cluded that 25 per cent of the 
reaction proceeds by a radical 
pair pathway. The question of 
whether the major reaction 
pathway is by a concerted for -
bidden mechanism or by other 
routes has not yet been 
answered. However. Closs was 
optimistic that progress to'.'ierds 
the definition of the details of 
ylide rearrangements may be 
expected shortly. 
Ar' 
C14 2 	 - 
ArcocH—N(c14 3 ) 7 
- (8) 
ACOCI4 - N(C14 3 ) 2 
(9) 






ia.iaI 	14 	 0 
(3) (2) 
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of high-speed digital computers and increasing sophistication in the computing strategy. 
Two approaches are now being used: the virtual bond method and the f, p method. The 
former requires a knowledge of the helix symmetry and pitch. A rotation of the sugar 
residue is performed about the "virtual bond joining the linkage atoms. Contiguous 
residues are generated subject to the constraints imposed by the helix symmetry and 
pitch. The 4, ' method examines the rotations of contiguous residues about the glvco-
idic bonds. This method scans the entire conformational space available to a polymer. 
The analysis can thus proceed either with a regular helical structure or a random con-
formation. Recently, a significant advance was made when Arnott introduced the method 
of linked-atom, least-squares analysis to this area. This method allows a chain to be 
generated with a certain amount of flexibility in the ring geometry. 
EFFECT OF THE INTERACTION WITH REDUCING SUGARS ON THE CONFORMATION AND BIOLOGICAL 
ACTIVITY OF POLY-L-LYSINE: INVESTIGATION BY CIRCULAR DICHROISM AND CARBON-13 
N.M.R. Spectroscopy. L. Hester, B. Kraaka, J. Crisba and N. Nester, Institute de Chimie 
des Substances Naturelles, C.N.R.S.; 91190 - Gif-sur-Givette, France. 
The c-amino groups in poly-L-lysine react readily with aldoses to form Amadori type 
(j-substituted 1-deoxy-l-amino-2-keto-) sugar derivatives. The Amadori type structure of 
these compounds has been demonstrated by carbon-13 n.m.r. spectroscopy in D20. No con-
fusion with N-glycosyl derivatives is possible when the structure is checked also by off-
resonance decoupling. Circular dichroism measurements in aqueous methanol show the a-
helix structure to be more stable in the sugar-substituted poly-L-lysine than in the 
original polycation. As a consequence of the interaction with aldoses, poly-,-lysine 
loses its ability to aggregate blood platelets and to inhibit collagen-induced platelet 
aggregation. The relationship between secondary structure and biological activity of 
poly-L-lysine has been also investigated. 
SOME STEREOCHEMICAL ASPECTS OF CARBOHYDRATE HAPTEN—ANTIBODY INTERACTION. 
R. U. Lemieux, A. Venot, E. Mackie, Department of Chemistry, University of Alberta, 
Edmonton, Alberta T6G 2G2, Canada; D. R. Bundle, Division of Biological Sciences, The 
National Research Council of Canada, Ottawa, Ontario K1A 0R6, Canada. 
Antigen—antibody interactions are highly stereospecific and an understanding of 
these phenomena represents a challenge of basic importance to immunology. A wide variety 
of carbohydrate structures are now known to form the antigenic determinants of natural 
antigens, and the stereochemical aspects of their engagement offers an important challenge 
to modern carbohydrate chemistry. In order to assess these structures as probes for 
the study of antibody combining sites, a brief review will be presented of the progress 
made toward an understanding of the conformational properties of glycosidic structures. 
Special reference will be made to the conformational preferences about the glvcosidic 
bonds. The results obtained using synthetic antigens possessing carbohydrate determin-
ants (haptens) will be presented. Most of the data will relate to antibodies raised in 
test animals against monosaccharide determinants, especially the S-D-galactopyranosyl 
group and systematic variations of this group through both substitutional and configu-
rational changes. The extents of cross-reactions were determined using the related 
methyl glycopyranosides as inhibitors. Through the structure—activity relationships 
found, insight was gained on the parts of determinants that are engaged in the inter-
actions. The results appear to indicate the binding of the g-D-galactopyranosyl group 
in an intramolecularly hydrogen-bonded form. 
THE USE OF SYMMETRY AND CARBOHYDRATES IN THE DESIGN OF CRYPTANDS. W. David Curtis, 
Dale A. Laidler, J. Fraser Stoddart, Department of Chemistry, The University, 
Sheffield 53 711F; Graham H. Jones, Corporate Laboratory, Imperial Chemical Industries 
Ltd., P. 0. Box No. 11, The Heath, Runcorn, Cheshire WA7 4QE, England. 
The ability of macrocyclic polyethers to complex with primary-alkylasmionium salts 
has led to the development of host-guest chemistry (D. J. Cram and J. N. Cram, Science, 
3, 803 (1974)). Carbohydrate derivatives are not only rich in substituted biscethyl-
enedioxy units for incorporation into the 18-crown-6 constitution but they also provide 
a relatively inexpensive source of chirality for synthesizing hosts which exhibit enan-
tiomeric differentiation towards racemic guests. The importance of molecular symmetry 
in the design of schiral and chiral hosts will be highlighted. Chiral recognition in 
complexation equilibria towards (±)-(RS)-a-phenylethylammonium hexafluorophosphate by 
CAR 13 
macrocyclic polyethers containing appropriately substituted L-threitol, D-mannitol, and 
L-iditol residues has been observed, and will be discussed in terms of a three-point 
binding model. Attempts to harness the functionality of these hosts to catalyze re-
actions involving guests will be described. 
DEVEL0rNENT OF CO c:r:s OF RING CONFORNATION AND NEICHEORING-GEOUP EFFECTS PRIOR TO 
1940. Horace S. Isbell, Chemistry Department, American University, Washington, 
D.C. 20036. 
With establishment of the aldehydo structure of glucose, the time was ripe for Van't 
Hoff and Le Eel to formulate their tetrahedron theory for the asymmetric carbon atom. 
The novel idea was seized by Fischer and used for determining the configurations of the 
sugars by means of symmetry arguments. Fischer's work established the validity of Van't 
Hoff's concept, and rationalized the puzzling multiplicity of the isomeric sugars. Early 
workers assumed that the normal sugars and glycosides have five-membered rings, but, with 
the isolation of three methyl glucosides, the size of the ring became uncertain. Subse-
quent establishment of the ring size left the intriguing problem of the cause of certain 
anomalous optical rotations, which Hudson had sought to explain by differences in ring 
size. In 1926, Sponsler and Dore established a strainless-ring structure for the pyra-
nose units of cellulose. Shortly thereafter, Haworth introduced the term conformation' 
to describe the shape of the ring. He noted that the existence of various conformations 
of the pyranose ring opens up a large field of inquiry, distinct from structure and con-
figuration. Isbell then pointed out that the conformation of the ring may vary from 
sugar to sugar, and that the anomalous optical rotations, which Hudson and others had 
found, might arise from differences in conformation rather than ring size. He also noted 
that differences in conformation would cause differences In the reactivity of the sugars, 
and that study of reaction rates should provide Information about the conformation of the 
pyranose ring. Thus, the importance of conformation in carbohydrate chemistry was clear-
ly recognized before 1940. 
0 THURSDAY AFTERNOON - SECTION B - SYMPOSIUM ON THE U. S. SWEETNER 
SYSTEM - A TECHNOLOGY ASSESSMENT - (CONTINUED) - JOINT WITH THE 
DIVISION.OF CHEMICAL MARKETING AND ECONOMICS - S. M. Cantor, Pre-
siding 
THE SWEET TASTE. Morley R. Kare, Gary Beauchamp, Monell Chemical Senses Center, 
University of Pennsylvania, 3500 Market Street, Philadelphia, Pa. 19104. 
Chemical structures of a wide variety provide a sweet sensation for man. Do they 
all evoke similar physiological responses, hormone and enzyme release? The mech-
anism and functions of taste will be considered. The nature of taste response to sweet 
stimuli in the newborn, the adolescent, and aged will be compared. The significance of 
differences in response to various sweet stimuli amongst species will be considered. 
SWEETNESS: A SUPER-NORMAL REINFORCER. Michael B. Cantor, Richard J. Eichler, 
Department of Psychology, Columbia University, New York, New York 10027. 
The hedonic aspect of sweeteners is an extremely powerful reinforcer (i.e., reward) 
of organismic behavior, including that of man. This is evident in Biblical references 
and particularly obvious from the way that the notion of 'sweetness" has permeated the 
language. The extremes to which man has gone throughout history in the pursuit of sugar 
colonization) likewise reflect the power of sweetness to shape behavior. Empiri-
cal evidence also bears this out: the perception of sweetness is apparent in the neo-
nate, and may importantly affect mother—infant interactions. Other evidence indicates 
that, in addition to the genetic predisposition, environmental factors, such as color 
and the presence of other tastes, also affect the perception of sweetness. Finally, we 
shall address the recently popular suggestion that the remarkable vigor of man's behav-
ior in pursuit of sweetness, and of the Industry which reinforces this behavior, has at 
its roots an addiction-like process which begins almost at the time of birth. 
ECONOMIC FACTORS AFFECTING FUTURE SWEETENER CONSUMPTION. Saul Kolodny, Amstar Cor-
poration, 1251 Avenue of the Americas, New York, N. Y. 10020. 
Reasonableness and stability have characterized sugar prices in the United States 
for a generation prior to 1974. Largely the result of a comfortable supply situation 
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(C 6 H 5CH 2 Br; NaH; THF) of (3) gave two diastereomeric 
products- (2a) and (2b)-with the constitution of N,N',N"-
tribenzyltrianthranilide (2). Preparative TLC on silica gel 
at +5 °C using ethyl acetate/light petroleum (b. p.  60-80°C) 
(1: 1) as developing solvent yielded (2a) (rn p. 134 ---144 °C' t't, 
93% diastereomerically enrichcd)and (2b) (iii. l• 260-263 °C, 
>98 % diastereomerically pure). Compound (2a) is the kineti-
cally-controlled product and compound (2b) is the thermo-
dynamically-preferred product. 
When a 1 f{-NMR spectrum of (2a) was recorded itniedi-
ate!)' after the crystals had dissolved in CDCI 3 . three equal-
intensity AB systems (TAI =4.67, T ill = 5.50, JAttui = 16.4 l-lz; 
tA2 4.93, r112=5.34, JA2112=  13.8 Hz; TA35.04, t153-539, 
JA3B3= 15.8 Hz) were observed for the benzylic-rnethylene pro-
tons  141  of the 93 % enriched diastereoisomer. In a similar 
experiment one AB system (T A = 3.96, t8= 5.32, J5= 14.4 Hz) 
was observed for the benzylic-methylene protons of (2b). 
Diastereoisomers (2a) and (2b) interconvert slowly at room 
temperature in CDCI 3 giving eventually an equilibrium ratio 
[(2 a) : (2 b) = 41:59]. 
The Isolation of Conformational D iastereo isomers of 
N,N',N"-Tribenzyltrianthranilide 
By 14' Datid 011s. Julia Stepltanidou Stephanatou, J. Fraser 
Stoddart, and Anthony G. Ferrige" 
Recently, we described the synthesis of N,N',N"-trimethyl-
trianthranilide (/)"and provided evidence that it crystallizes 
in a helical conformation, but in solution it exists in equilibrium 
with 5.5% of a propeller conformation I l l. We now wish to 
report the existence of two conformational diastereoisomers 
of N,N',N"-tribenzyltrianthranilide (2) as crystalline corn-
pounds. 
N-Benzylation (C 6 H 5CH 2 13r; NaH; THF) of N-[4-(2-nitro-
benzoylamino)benzoyl]anthranilic acid (4)121,  m. p. 224°C 
(224°C 121) afforded a mixture (yield >90%) of the ester (5) 
and the acid (6). Reductiont 31 of this mixture with TiC1 3 
and completion of the de-esterification with LiOH yielded 
the N,N'-dibenzyl derivative (7) (64%, m. p.  177-179°C). 
Cyclization (dic) , clohexylcarbodiimide in CH ,Cl 2)  of (7) 
gave N,N'-dibenzyltrianthranilide (3) (50%, m. p.  177-
179 °C; TAI -SOO. m Bi 5.54. JAiBi_147F t k2 =5.17. 
TB2 = 5.33. JA2B2 = 14.8 Hz in CDCI 3 for the constitutionally 
heterotopic benzylic-methylene protons t4' 5!).  N-Benzylahion 
[] Prof. Dr. W. D. Oltis []. Dr. J. F. Stoddart, and J. S. Stephanalou 
Department of Chemistry, The University, 
Sheffield S3 7HF (England) 
A. G. Ferrige, 
Wellcome Research Laboratories 
Beckenham, 
Kent BR3 31FIS (England) 
['] Author to whom all correspondence should be addressed. 







C6Ft 5 CH2 
(8). Helix 	 (9). Propeller 
The spectra of (2a) and (2b) can be rationalized in terms 
of two non-planar conformations, the Helix (H) (8) with 
C 1 symmetry and the Propeller (P) (9) with C 3 symmetry, 
which are formally interconverted by torsion about the 
Ar-N(CH 2C 6 H 5 ) and Ar-CO single bonds of trans-amide 
linkages. The interconversion between H and P con formations 
(8) and (9), and their enantiomers (denoted as H* and P*) 
involves the following equilibrium: P±FL±H *±P*, 
It follows from the spectra that (2a) can be assigned to 
the Helix (8) with three diastereotopic benzylic-methylene 
groups and (2b) to the Propeller (9) with hornotopic benzylic-
methylene groups. The rate of diastereoisomerization of (8) 
to (9) was measured 17 t in CD 3SOCD 3 at 63 °C by monitoring 
the relative intensities of the benzylic-methylene proton signals 
in the 1 H-NMR spectrum as a function of time. An equilibrium 
constant of 0.59 and values for and G. 11 of 24.3 
and 24.8 kcal mol - were obtained for Pl-{ interconversion 
at 63 °C. The 'H-NMR spectrum of the equilibrated sample 
of (2) showed temperature dependence. As the temperature 
is raised the signals for the Helix (8) decrease rapidly in 
relative intensity and are undetectable at 163°C. Between 
163°C and 183°C the AB system for the Propeller (9) begins 
to undergo sufficient line broadening to permit line shape 
analysis and calculation of a value for isG'tp,p. of 26.2 kcal 
mol - 
The characterization of Helix (8) and Propeller (9) as 
crystalline diastereomericconforrnational isomers is novel and 
represents the first example within this class of -compound. 
It is also significant that the Helix (8) forms a 1: I clathrate 
with ethanolt 81. 
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CAS Registry numbers: 
(2a). 57674-83-6: (2b). 57759-54-3: (3). 57674-84-7: (4). 57674-85-8: 
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H. Meter, Liebigs Ann. Chem. 351, 267 (1907). 
S. A. Newior, F. J. Stubbes, and C. Hin.chelwood, J. Chem. Soc. 1954, 
2471. 
The AR systems were paired on the bais of spin-tickling experiments 
in the FT mode. 
The 'H-NMR spectrum of (3) showed no temperature dependence 
below room temperature down to - 100C. but above room temperature 
the two AB systems coalesced to give two singlets (SG*  '=22.6 kcal 
mot - for the ring inversion process). 
The crystals isolated had the composition (2u) .C 2 H 5 OH. 
H. S. Gutow.sky. J. Jonas. and T H. Siddall. II!. J. Am. ('hem. Soc. 
89, 4300 (1967); P. Finorchiro, D. Gust, and K. Mislow, ibid. 96, 3198 
(1974). 
The observation recalls the ability of tri-o-thymotide to form clathrates 
with various different solvents: W Baker, B. Gilbert, and W D. 011is, 
J. Chem. Soc. 1952, 1443; A. C. D. Newman and H. M. Powell, ibid. 
1952, 3747; D. Lawton and H. M. Poweil, ibid. 1958, 2339: D. J. Williams 
and D. Lois! on, Tetrahedron Lett. 1975, Ill. 
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Table I. Site exchanges. rate constants, and free-energies of activation for 
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The Conformational Behavior of 
5,10,11,1 2-Tetrahydrodibenzo[a,d]cyclooctene 
By Farbuk Eltayeb Elliadi, 14' Datid 011is. and J. Fraser 
Stoddartt °1 
The conformational properties of 1,5 cyc l ooctadieneU - 41 
and its derivative 5,6,11,1 2-tetrahydrodibenzo[a,e]cyclooc-
tene 1471  have been studied recently. Although the possibility 
of the existence of more than one conformation of 1,4-cyclooc-
tadiene has been discussed 111 from a theoretical' standpoint 
and the conformational behavior of some heterocyclic analogs 
of 5,10,11,1 2-tetrahyd rod ibenzo[a,d]cyclooctene (1) has been 
examined 181 by temperature-dependent 'H-NMR spectros-
copy and molecular mechanics, no experimental data are avail-
able for either of these hydrocarbons. We are now able to 
discuss in some detail the conformational behavior of the 
hydrocarbon (1). 
Cr-, I I P1. ( 
2 10 
(1) 	 (2) 
(I), m.p. 79-80°C. was obtained by reduction (Aid 3! 
LiAIH 4) of the ketone (2)l9t,  m.p. 145-148°C (m.p. 148-
149°C (91). At —5 °C, the 'H-NMR spectrum of (1) in CDCI 3 
showed an AB system (t.1 = 5.72, T 131 = 6.32,  JAtH = 12.5 Hz) 
for the 5-CH 2 protons which exhibited selective broadening 
of the B portion of the spectrum. As the temperature was 
raised the unsymmetrical AB system coalesced to give a broad 
singlet above rooth temperature. Decreasing the temperature 
resulted in the AB system becoming well-resolved and assum-
ing a symmetrical character. Although no signals were 
observed at —30 °C for a minor rapidly inverting conforma-
tion, line shape analysis with a program 181  suitable for simulat-
ing NMR line shapes of two AB systems (AIBI and A2132) 
undergoing exchange of nuclei between pairs of sites Al and 
BI, A2 and B2, Al and A2, and BI and B2 was carried 
out (Table I) successfully on selected spectra obtained between 
[°] Prof. 1)r. W. D. 011is, Dr. J. F. Stoddart, and F. E. Elhadi. 
Department of Chemistry. 
The University, 
Sheffield S3 7HF (England)  
Site exchanges [a] 	 Al -.A2 	 AtwsBl 
B -.92 
Rd. population. p 1 p 2 0.98:0.02 
k [s 	'] 	- 5°C 4.0 2.0 
+ 7°C 14.0 7.0 
+ l9°C 46.0 23.0 
+29°C 	. 102 51 
+42°C 326 163 
EsG' 	kcal/mof [b] 14.9±0.2 15.3+0.2 
Process C-°TB Cv±C° 
[a] The AB system Al BI refers to the 5-CH 2 protons of the major conforma-
tion (chair. (3)) and A282 to the minor conformation (twist boat. (5)). At 
all temperatures, it was assumed that k [A2132] 
[h] Average values (kcal/mot) over the temperature range - 5°C to +42°C. 
—5 °C and +42'C assuming 2.0% ofa minor rapidly inverting 
conformation resonating as a singlet at tA2B2-5.65 (Table 
1). Indisputable evidence for the presence of intcrconverting 
diastereomeric conformations of (1) in CDCI 3 was obtained 
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Fig. t. Conformational changes in 5.10,11, 1 2-i et ra hyd rod i benzo[a,d] cyclooc-
tene (I). The notation [7] for torsional angles refers in turn to the I 2a - 12. 
12-I1, 11-10, 10-9a. 5a-5, and 5-4a bonds. 
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from the temperature-dependent noise-decoupled "C-NMR 	[7] W D. 011i, J. F. Stoddari, and I. 0. Sutherland, Tetrahedron 30, 1 903 
spectra. The broad resonance (6T 111 =37.6ppm) observed at 
[8] R. P. Gellatlr, W D. Oil is, and 1. 0. Sutherland, Chem. Soc. Perkin 
+27°C for C-10 and C-12 became a sharp singlet when the 	Trans. I 1975. in press. 
temperature was increased to +40 °C and also when it was [9] S. 0. Winthrop, Al. A. Davis, F. I/err, J. Stewart, and R. Gaudry, J. 
decreased to -20°C. At low temperatures no signal was 	Med. Chem. 6. 130 (1963). 
Table 2. Calculated strain energies of various conformations of the hydrocarbon (1). The following energy terms 
have been used: E, (bond length strain), E0 (angle straits), E. (torsional strain), E4 (out-of-plane strain in aromatic 
rings), E,b (non-bonded interactional strain). Total strain energy, ET=L,+Eo+E,+Ea+E,b. For force constants 
and other empirical parameters, see Refs. [7] and [8]. 
Conform- 
ation 




E, Ee E, E 	. 
[kcal/mol] 
- 	 E b ET 
C (3) - 	 91.8 + 	91.9 0.04 1.11 3.34 0.08 -0.57 4.00 [d] 
B (4) + 75.0 - 75.0 0.15 7.80 0.83 0.08 	- 0.44 9.30 
TB (5) - 58.3 - 59.6 0.08 2.75 0.54 0.39 0.25 4.01 [e] 
TS 	(6) [a] 0.0 + 60.8 0.36 14.99 3.03 0.06 1.13 19.57 [d] 
TS2 (7) [b] + 108.0 -110.0 0.58 20.83 5.55 0.06 -0.08 26.94 
TS3 (8) [c] 0.0 0.0 0.31 15.44 7.01 1.12 -0.29 23.59 
Defined by holding atoms tO, II, 12, 12a. 4a, and 5, coplanar. 
Defined by holding atoms 12a, 4a, 5. Sa. and 9a coplanar. 
Defined by holding atoms 9a. tO. II, 12. and 12a coplanar. 
If the difference in strain energies between the C conformation (3) and the TSI conformation (6) is equated 
with /SH*  then an approximate estimate for t,G*,..,  of 15.2kcal/mol follows from recognizing that the transition 
state is favored on entropy of mixing grounds by R(n 2 cat K ` met -' (i.e. there are two equivalent pathways 
for C-.TB interconversion involving chiral transition states). 
The calculation on the TB conformation (5) allowed loss of C 2 symmetry during the energy minimization 
procedure. The values for 	1 	 and 	l .0 indicate that the minimum energy boat conformation corresponds to a 
slightly distorted TB conformation (5). 
observed which could be assigned to a minor conformation 
confirming its low population relative to that of the major 
conformation. 
Conformational analysis (Fig. 1) and strain energy calcula-
tions (Table 2) focus attention on the following conformations: 
(I) a rigid chair conformation [C, (3), C, symmetry]. (ii) 
a boat conformation [B, (4), C, symmetry], (iii) a twist-boat 
conformation [TB, (5). C2 symmetry], and (iv) transition 
state conformations [TS1, (6), C 1 symmetry], [TS2, (7), C, 
symmetry], and [TS3, (8), C, symmetry]. The calculations 
demonstrate that the C and TB conformations [(3) and (5)] 
correspond to ground state conformations and that relatively 
low energy transition states (B and B*)  are associated with 
TB~TB* inversion while relatively high energy transition 
states (TS I and TS 1*)  are associated with C±TB and C*TB* 
interconversions necessary for C±C*  inversion. On the basis 
of this analysis, the major conformation identified by NMR 
spectroscopy was assigned to the rigid chair conformation 
(3) and the minor conformation to the twist-boat conforma-
tion (5). 
The rate constants and free energies of activation for C -C* 
inversion and C-nTB interconversion at various temperatures 
are given in Table 1. The fact that kcc.=O.5kc...TB is consis-
tent with the presence of intermediate TB conformations (5) 
in the C-C*  inversion process. The average free energy of 
activation (AG* = 14.9 kcal/mol) for the C-*TB interconver-
sion is in very satisfying agreement with the calculated value 
(Table 2) of 15.2 kcal/mol between the C (3) and TSI (6) 
conformations. 
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Conformational Behaviour of Medium-sized Rings. Part 111. 1 Hetero-
cyclic Analogues of 12,1 3-Dihydro-1 1 H-dibenzo[a,e]cyclononene, 6,11,- 
12,1 3-Tetrahydro-5H-dibenzo[a,e]cyclononene, and 5,6,7,12,13,14- Hexa-
hyd rod ibenzo[a,f]cyclodecene 
By W. David 011is • and J. Fraser Stoddart, Department of Chemistry, The University, Sheffield S3 7HF 
The temperature dependence of the 'H n.m.r. spectra of a number of heterocyclic analogues (3a—c) of 12,13-
dihydro-1 1H-dibenzo[a.ejcyclononene has been interpreted in terms of the interconversion of chair- and boat-like 
conformations. Conformational analysis on these molecules has been carried out with the aid of strain energy 
calculations on the thia-analogue (3c): in this case a useful correlation between calculated and experimental 
activation parameters was found. Variable temperature 'H n.m.r. spectroscopy and strain energy calculations have 
demonstrated that the heterocyclic analogues (4a–f) and (5a—d) of 6,11,12.13- tetra hydro - 5H-dibenzo [a.f) - 
cyclononene and 5.6.7.1 2.1 3.1 4-hexahydrodibenzo[a.fjcyclodecene. respectively, all adopt flexible chair-like 
conformations with C, symmetry which undergo an inversion process involving torsion about single bonds. 
THE recognition 	that 5,6,11 ,12-tetrahydrodibenzo- 
[a, e]cyclo-octene (1; W = X = Y = Z = CH,) and many 
heterocycliâ derivatives of the '6,8,6 ' systems (1) and 
(2) exist in solution in diastereoisomeric Chair t and 
Boat t conformations has encouraged us to examine the 




Y:p a",' X - W :0-  RX 
(1) (2) 
2 	33 11 	12 	13 	113 
1J i 2 10 2 
8 	765 	L 8 	765 
(3) o;XrNMe (/)a;X:NMe 
b; X=NCH2 Ph. b; X:NCH 2Ph 
C; X:S C; XNH 




14a lie13  It 	14 	1 
(5) a; X:NMe 
b; X:NCH 2Ph 
C; X=S 
d; XSO2 
The N-methyl derivative (3a) was prepared by the 
known route 6  involving (i) a Stevens rearrangement on 
the spiro-ammonium salt (6) to give the bicyclic amine 
f The description ' Chair' is non-specific and refers to both of 
the enantiomeric or degenerate conformations (C and CS)  of the 
rigid chair type. Similarly, the description' Boat ' refers to any 
conformation of the flexible boat families. 
"Part II, R. Gellatly, W. D. 011is, and I. 0. Sutherland, 
preceding paper 
2 Part 1, H. Crossley, A. P. Downing, Al. NdgrIdi, A. Braga de 
Oliveira, W. D. 011is, and I. 0. Sutherland, J.C.S. Perkin I, 
1973, 205. 
D. Montecalvo, M. St. Jacques. and H. Wasylished, J. Amer. 
Chem. Soc., 1973, 95, 2023. 
4 N. L. Allinger and J. T. Sprague, Tetrahedron, 1975, 31, 21. 
(7), (ii) formation of the methobromide (8a), (iii) its con-
version into the quaternary ammonium hydroxide (8b), 
and (iv) a Hofmann elimination of (8b). The N-benzyl 
derivative (3b) was prepared by an analogous route 
[(7) - (9a) —ta- (9b) .—*- (3b)] from the bicyclic amine 
(7). The cyclic sulphide (3c) was synthesised by the 
sequence: (i) photochemical transformation of 2,2'-bis-
(hydroxymethyl) -(rans-stilbene (10) 7  into the cis-isomer 
(11), (ii) conversion into the 2,2'-bis(bromomcthyl) -cis-
stilbene (12), and (iii) treatment of the dibromide (12) 
with sodium sulphide. 
The ' 6,9,6 ' (4) and ' 6,10,6 ' (5) systems were pre-
pared by standard procedures from the dibromides 
(13b) ' and (14b) obtained from the diols (13a) 7  and 
(14a) 8  on treatment with phosphorus tribrornide. Bis-
(o-hydroxymethvlphenoxy)rnethane (14a), reported pre-
viously 8  as a product of a base-catalysed methvlenation 
of o-hydroxybenzyl alcohol, was obtained from the same 
starting material by a modified base-catalysed methylen-
ation procedure. 9 The cyclic amines (4a and b) and (Sa 
and b) were prepared by reaction of bis-(o-bromomethyl-
phen),l)ethane (13b) and his- (o-bromomethylphenoxy)-
methane (14b) respectively with the appropriate amine 
(methylamine or benzylamine) in benzene. The tetra-
(leuterlated analogue (15), which was required to simplify 
the 'H n.rn.r. spectroscopic investigation performed on 
the N-benzyl derivative (4b), was obtained by an analo-
gous sequence of reactions [(13c) —p- (13d) —p- (15)1. 
Catalytic hydrogenolysis of the hydrochloride of the N-
benzyl derivative (4b) yielded a debenzylated hydro-
chloride from which the cyclic amine (4c) and the N-
acetyl derivative (4d) were readily obtained. After 
these compounds had been prepared, a paper appeared 10 
describing the synthesis of the cyclic amine (4c) and its 
N-benzyl derivative (4b) in essentially the same manner. 
' R. N. Renaud, B. B. Layton, and R. R. Fraser, Gonad. J. 
Chem., 1973, 51. 3380. 
' G. Wittig, H. Tenhaeff, W. Schoch, and G. Koenig, jinnate,,, 
1951. 572, 1; J. H. Brewster and R. S. Jones, J. Org . Chem., 
1969, 34, 354. 
E. D. Bergmann and Z. Pelchowicz, J. Amer. Chem. Soc., 
1953, 75, 4281. 
8 W. Baker, J . Chem. Soc., 1931, 1765. 
W. 13oi,thronc and J. W. Cornforth, J. Chem. Soc. (C), 
1969, 1202. 





The cyclic sulphides (4e) and (5c) were also prepared from 
the appropriate dibromides (13b) and (14b), respectively, 
by reaction with sodium sulphide. Oxidation of the 
C)c 3J Br  O3J' 
(6) 	 (7 ,) 
R ,. 
cq+c  11 6~ R 
R 
(8) a;R 	Me. X=Br (10) RCH2 .0H 
b; R 	Me. X 	OH 
(9)a,'RCH2Ph.XBr H 	H 
b; )R 	CH2Ph, X = OH Zr_ 
R 	RK 




(13) a; R = CH2 .OH 	(14) a: R = CH 2 OH 
b; R = CH 2Br b; R = CH2 Br 
C; R =CD 2 OH 




cyclic sulphides (4e) and (Sc) gave the sulphones (41) and 
(5d). The dioxonin (17b) was synthesised by the 
sequence: (i) formation of the suiphonium tetrafluoro-
borate (16) from the cyclic sulphide (5c), (ii) a Stevens 
 0 '_'  
EZXJC BF; LJL_c:Qi 
Me 	 R 
(16) 	 (17) a; R=SMe 
b; R:H 
rearrangement on the salt (16) to give the methylthio-
derivative (17a), and (iii) desulphurisation of (17a) with 
Raney nickel. 
In this paper, results of studies on the conformational 
11 For reviews see: G. Binsch, Topics Slereochem., 1968, 3, 97; 
I. 0. Sutherland, Ann. Reports N.M.R. Spectroscopy, 1971, 4, 71. 
12 K. B. Wiberg, J. Amer. Che,n. Soc., 1965, 87, 1070.  
behaviour of the nine-membered ring olefins (3), the 
'6,9,6' systems (4), (15), and (17b), and the '6,10,6' 
systems (5) in solution by dynamic 'H n.m.r. spectro-
scopy 11 are compared with conclusions reached on the 
basis of strain energy calculations. 12 The whole investi-
gation has been the subject of two preliminary communi-
cations 13  and has also been discussed briefly in a recent 
review 14  on the conformational behaviour of some 
medium-sized ring systems. 
EXPERIMENTAL 
M.p.s were determined with a Reichert hot-stage ap-
paratus. T.l.c. was carried out on glass plates (20 > 5 cm) 
coated with Merck silica gel G. Developed plates were air-
dried, sprayed with cerium (Iv) sulphate-sulphuric acid 
reagent, and heated at about 110 °C. Hopkin and Williams 
silica gel (M.F.C. grade) was used as chromatographic 
medium for all column separations. Low resolution mass 
spectra were determined with an A.E.I MS12 spectrometer, 
and high resolution spectra with an A.E.I. M.'-;9 spectro-
meter. Jr. spctra were recorded for Nujol mulls with a 
Perkin-Elmer 137 spectrophotometer [polystyrene (1 603 
cm') as standard]. 1 H N.m.r. spectra were recorded with 
a Varian HA 100 spectrometer (tetra methylsilane as' lock 
and internal standard). Theoretical 'H n.m.r. spectra 
were calculated with the aid of an ICL 1907 computer. 
5.7,11 b, 1 2 - Telra/zydroisoindolo[2, 1 -b] iso quinoline (7) .-x-
l'henvl-lithium solution (65 ml) was added dropwise with 
stirring to a suspension of 2,2'-spirobi-isoindolinium bromide 
(6) [m.p. 304-305° (lit., 6 295°)] (20 g) in ether (50 ml) so as 
to maintain gentle refluxing. The mixture was then heated 
under reflux for a further 3 Ii. On cooling, the excess of 
phenyl-lithium was decomposed with water, after which the 
ether layer was sepaiatec1 and extracted with N-sulphuric 
acid (200 ml). The crude product precipitated on neutralis-
ation of the extract with sodium hydroxide solution. Re-
crvstallisation from methanol-ether yielded the isoindolo-
isoquinohine (7) as needles (5.2g. 36 % ), M.P. 109-110° (lit..6 
109-110°). (C1 -)C1 3) 2.60-2.00 (8 1-I, m, aromatic) and 
5.50--7.18 (7 H, two AB systems, ArCH 2N, overlapping with 
an ABC system, ArCH 2 'CHAr). 
5,7,11 b, 12 - Tetra hydyo - 6-ni ethyliso bi dolo [ 2,  1 -b]isoquino-
liniuni Bromides (8a).-A solution of the bicyclic amine (7) 
(560 mg) in ether (10 ml) containing methyl bromide (1.2 g) 
was heated at 45° in a sealed tube for 3 h. On cooling, 
the crude product was filtered off and fractionally crystal-
lised from methanol-acetone (1: 3) by addition of small 
amounts of ether. Methobromide A had m.p. 245° (lit. ,6 
242-24.2.5°), v (Nujol) 1 420, 1161, 1 077, 995, 962, 900, 
780, 770, 739, and 718 cm. Methobromide B had m.p. 
173-175 °C (lit., 6 122-124°) .(Found: C. 62.55, H, 5.85; 
Br, 25.3: N, 4.15. Calc, forC, 7H 18BrN: C, 64.55; H,5.75; 
Br, 25.25; N, 4.45%), Vm (Nujol) 1 430, 1161, 1 076, 969, 
943, 919, 896, 771, 760, 744, 730, and 712 cm 1 . 
6, 7 -Dihydro - 6-rnet hyl - 5H -dibenz[c, g]azonine (3a) .-A solu-
tion of isomer A (150 mg) of the methobromide (8a) in 
water (20 ml) was stirred at room temperature with silver 
oxide (1 g) overnight. The mixture was filtered, and the 
filtrate concentrated to give the quaternary ammonium 
13 W. D. 011is and J. F. Stoddart, A ugew. Client. Internal. Edu., 
1974, 13, 728, 730. 
16 W .  D. 011is, J. F. Stoddart, and I. 0. Sutherland, Tetra-
hedron, 1974, 30, 1903. 
hydroxide (8b), which was pyrolysed at 140 °C in a sublim-
ation apparatus at 15 mmHg to yield the crude product. 
Recrvstallisation from aqueous methanol gave the dibenz-
azonine (3a) as needles (57 mg, 51%), m.p. 59_600 (lit.,6 
59__6l 0) (Found: M, 235.1355. €alc. for C,,H,,N: M, 
235.1361). For 'H n.m.r. data see Table 1. 
6-Benzyl-6, 7-dihydro-5H-dibenz[c,g]azonine ( 3b) .—A solu-
tion of the bicyclic amine (7) (500 mg) and benzyl bromide 
(4 ml) in ether (25 ml) was heated under reflux for 3 h. 
On cooling, the supernatant was removed by decantation 
from the crystalline product which coated the side of the 
flask. Water (50 ml) and silver oxide (2.0 g) were added to 
this product and the mixture was stirred overnight at room 
temperature, then filtered. The filtrate was concentrated 
and the crystalline residue was pyrolysed at 120 °C in a 
sublimation apparatus to yield the crude product. Re-
crystallisation from aqueous methanol gave the dibenz-
azonine (3b) as needles (458 mg, 65%), m.p. 109----111° 
(Found: C, 88.0; H, 6.95; N, 4.55%; M, 311. C,,H, 1N 
requires C, 88.7; H,6.8; N,4.5%; M, 311). For .  'H n.m.r.
data see Table 1. 
2, 2'-B i; (hydroxym ethyl) -trans-stilbene 	(10) .—Dimethyl 
lrans-stilbene-2, 2'-dicarboxylate [m.p. 102-103° (lit.,' 
101-102°)] (10 g) was added gradually to a solution of 
lithium aluminium hydride (2.5 g) in dry ether (150 ml).. The 
mixture was relluxed for 30 min before being decomposed 
with ice and dilute sulphuric acid. The ether layer yielded a 
crystalline product which was recrystallised from ethanol 
to give the diol (10) (5.79 g, 66%), m.p. 160-161° (lit.,' 
m.p. 162°), -r (CD,SOCD 3) 2.42-2.78 (10 H, m, aromatic and 
olefinic) and 5.30 (4 H, s, 2 x CH.-OH). 
2,2'-Bis(hydroxymethyl) -cis-slilbene (11 ).—A solution of 
the trans-isomer (10) (1.0 g) in methanol (200 ml) in a quartz 
vessel was irradiated for 3 h with a Hanovia 150 W medium-
pressure mercury vapour lamp. T.l.c. on silica gel in ben-
zene--ether (1: 1) indicated the presence of one major 
product running slower than the trans-isomer (10) together 
with several very minor components. The major product 
was purified by column chromatography on silica gel with 
benzene-ether (1 : I) as eluant. Recrystallisation from 
aqueous ethanol afforded the cis-isomer (11) (182 mg, 18%), 
rn.p. 113-114° (Found: C, 78.8; H, 6.65°/s ; M, 240. 
C,6H,602  requires C, 80.0; H, 6.7%; Al, 240), - (CD 3SOCD,) 
2.25-3.26 (10 H, m, aromatic and olefinic) and 5.50 (4 H, 
s, 2 x CH,OH). 
2, 2'-Bis(bromomethyl)-cis-stilbene ( 12) .—Phosphorus tn-
bromide (0.25 ml) was added at room temperature to a 
solution of 2, 2'-bis (hydroxymethyl) -cis-stilbene (11) (100 
mg) in anhydrous benzene (3 ml). The mixture was heated 
at 60 °C for 1 h, cooled, washed with sodium hydrogen 
carbonate solution, dried (Na,SO 4), and concentrated to an 
oil which crystallised. Recrystallisation from benzene-
light petroleum (b.p. 60-80°) afforded the dibromide (12) 
(119 mg, 78%), m.p. 125-127° (Found: M, 365.9436. 
Cj H,479Br31Br requires M, 365.9443), - (CDCI,) 2.60-
3.15 (10 H, m, aromatic and olefinic) and 5.47 (4 H, s, 
2 x CH,Br). 
5, 7-Dihydrodibenzo[c,g]lhionin (3c).—Sodium sulphide 
(120 ing) and 2,2'-bis(bromomethyl)-cis-stilbene (12) (100 
mg) were refiuxed in methanol (50 in]) for I h. T.l.c. indi-
cated that the reaction was complete, and so the methanol 
was evaporated off and the residue was extracted with hot 
chloroform. The oil obtained from the extract was extrac-
ted twice with cold ethanol, affording a crystalline product 
after evaporation of the ethanol. Recrystallisation from 
J.C.S. Perkin I 
methanol gave the dibenzo!hionin (3c) as prisms (23 mg, 
35%), m.p. 101-103°, (Found: M, 238.0815. C, 6H,S 
requires M, 238.0816). For 'H n.m.r. data see Table 1. 
Bis-(o-bromonzelhylphenyl)ethane (13b).--Compound (M), 
m.p. 137-138° (lit.,' 137-138°), was prepared by the pub-
lished method' from bis-(o-hydroxymethylphenyl)ethane 
(13a); 'r (CDC],) 2.50-3.00 (8 H, m, aromatic), 5.54 (4 H, 
S. 2 x CH,Br), and 6.92 (4 H, s, CH2CH,). 
Bis-(o-hydroxy['H,]met/zylphenyl)ethane ( 1 3c).--Com-
pound (13c), m.p. 152-153 0 [lit.,' 151° for bis-(o-hydroxy -
methylphenyl)ethane (13a)], was prepared from dimethyl 
2,2'-ethylenedibenzoate' by reduction with lithium alu-
minium deuteride as described 7  for the reduction of this 
compound with lithium aluminium hydride; (CD,SOCD,) 
2.60-3.04 (8 H, m, aromatic), 5.16 (2 H, s, 2 x OH), and 
7.15 (4H, s, CH,.CH,). Compound (13a) shows-, (CD,SOCD,) 
5.12 (2 H, t, 15.6Hz, 2 >< OH), and 5.62 (4 H, d, 15.6 Hz, 
2 x CH,-OH). 
Bis- (o-bromo['H,]metliylphenyl)ethane ( 13d).—Phosphorus 
tribromide (0.5 ml) was added slowly at room temperature 
to a suspension of the deuteriated diol (13c) (624 mg) in 
anhydrous benzene (10 ml) which contained a drop of pyri-
dine. The mixture was heated *at 60° C for 2 h, cooled, 
washed with water and saturated sodium hydrogen carbon-
ate solution successively, and concentrated to a crystalline 
residue. Recrystallisation from benzene yielded the dibro-
nude (13d) (590 mg, 63%), m.p. 137-138°, -r (CDCI,) 
2.50-3.00 (8 H, m, aromatic) and 6.91 (4 H, s, CH,-CH,). 
Bis-(o-Jiydroxymethylphenoxy)rnethane (I 4a) .—Dichloro-
methane was added dropwise with stirring during 2 h in an 
atmosphere of nitrogen to a mixture of o-hydroxybenzyl 
alcohol (25 g), powdered so;lium hydroxide (25 g), and 
dimethyl sulphoxide (250 ml) heated on a steam-bath. 
After stirring at 100 °C for a further 1 h, the mixture was 
cooled and poured into water (800 ml). The precipitate was 
filtered off and the filtrate was extracted with ether (11). 
The ether layer was washed several times with water and the 
precipitate was dissolved in the ethereal solution. After 
drying (Na,SO 4), the solution was concentrated and the 
crystalline residue was recrystallised from benzene-light 
petroleum (b.p. 60-80°) affording the diether (14a) (8.1 
mg,. 310/),  m.p. 117-1180 (lit., 8 118°) (Found: C, 69.4; 
1-1, 6.2. Calc. for C,,H, 8O4 : C, 69.2; H, 6.2%), -r(CD,SOCD,-
D,O) 2.71-3.31 (8 H, in, aromatic), 4.33 (2 H, s, OCH,O), 
and 5.76 (4 H, s, 2 x C14,-OH). 
Bis- (o-bromoniethylphenozy)unelhane (14b).—Phosphorus 
tribromide (2.5 ml) was added to a suspension of the diol 
(14a) (4.5 g) in anhydrous benzene (50 ml). The diol dis-
solved within a few minutes at room temperature. The 
mixture was then heated for 15 min at 40'C, cooled, 
washed with water, sodium hydrogen carbonate solution, 
and water again, dried (Na 2SO4), and concentrated. Re-
crystallisation of the residue from light petroleum (b.p. 
60-80°) afforded the dibromide (4.8 g, 73%), m.p. 125-127 0 
(Found: C, 46.8; H, 3.9; Br, 41.2%; M, 386. C,,H, 4Br,O, 
requires C, 46.7; H, 3.65; Br, 41.4%; M, 386), -r (CDC1,) 
2.54-3.10 (8 H, m, aromatic), 4.10 (2 H, s, O'CH,O), and 
5.46 (4 H, s, 2 x CH,Br). 
6,7,12,13-Telrahydro-6-methyl-5H-dibenz[c,g]azonine ( 4a). 
—A solution of methylamine (30%) in ethanol (3 ml) was 
added dropwise with stirring to a solution of the dibromide 
(13b) (500 mg) in benzene (10 ml) over 1 h at room tempera-
ture. The mixture was stirred under reflux for 3 h, cooled, 
and-filtered to remove methyla mine hydrobromide. The 




trated to an oil. Vacuum sublimation (water-pump pres-
sure) at 90-100 °C yielded a crystalline product which was 
recrystallised from aqueous ethanol to give the dibenz-
azonine (4a) (180 mg, 55%), m.p. 63-65° (Found: C, 85.8; 
H, 7.8; N; 6.05%; M, 237. C, 7H,9N requires C, 86.0; 
H, 8.05; N, 5.9%; M, 237). For 'H n.m.r. data see Table 4. 
6-Benzyl-6,7, 12, 13-f etrahydro-5H-dibenz[c,gjazonine (4b). 
-A solution of benzylamine (1.5 g) in anhydrous benzene 
(20 ml) was added dropwise with stirring at room tempera-
ture to a solution of the dibromide (13b) (1.65 g) in an-
hydrous benzene (20 ml) over 1 h. The mixture was 
stirred under reflux for 3 h, cooled, and filtered to remove 
benzylamine hydrobromide. After washing with water, the 
filtrate was dried (Na 2SO4) and concentrated. Extraction 
of the oily residue with ether yielded a crystalline product. 
Recrystallisation from ethanol gave the dibenzazonine 
(4b) as needles (420 mg, 30%), m.p. 108-110° (lit.,'° 
109.5-110°) (Found: C, 88.2; H, 7.4; N, 4.55%; M 4 , 
313.1822. CaIc. for C 23H,,N: C, 88.1; H, 7.4; N, 4.45%; 
M, 313.1830). For 'H n.m.r. data see Table 4. 
The azoni'ne (4b) (217 mg) was dissolved in benzene and 
converted into its hydrochloride (246 mg, 98%) by treat-
ment with hydrogen chloride gas; m.p. 245-247° (from 
methanol-ether) (lit.,'° 246-247°) (Found: C, 78.4; H, 
7.1; Cl, 10.05; N, 2.75. C,,H,C1N requires C, 78.9; H, 
6.9; Cl, 10.15; N, 4.0%). 
6-Benzyl-6, 7,12,1 3-telra hydro-5H-[5,5, 7. 7-'H4]dibenz[c,g]-
azonine (15).-A solution of benzylamine (450 mg) in an-
hydrous benzene (20 ml) was treated with the deuteriated 
dibromide (13d) (500 mg) in anhydrous benzene (20 ml), 
as described for the preparation of the azonine (4b), to yield 
the deuteriated azonine (15) as needles (238 mg, 55%), 
m.p. 109-110° (from ethanol) (Found: M, 317. C,,H, 9D4N 
requires M, 317). For 'H n.m.r. data see Table 4. 
6,7,12,1 3-Tetrahydro-5H-dibenz[c, g]azonine (4c) .-A solu-
tion of the hydrochloride (1.18 g) of the benzyldibenzazonine 
in ethanol (150 ml) was hydrogenated over 10% pal-
ladium-carbon (100 mg) at room temperature for 1 h. 
Filtration, concentration, and recrystallisation from meth-
anol-ether yielded the hydrochloride (435 mg, 50%), m.p. 
267-268° (lit., 9 268-268.5°), of the azonine (4c). Addition 
of sodium hydroxide solution gave the dibenzazonine (4c) 
as a precipitate, which crystallised from aqueous methanol 
as needles, m.p. 149-150° (lit.,'° 152.5°) (Found: C, 86.0; 
H, 7.95; N, 6.45. Calc. for C, 6H, 7N: C, 86.1; H, 7.65; N, 
6.25%). For 'H n.m.r. data see Table 4. A sample of the 
6-deuterio-derivative for variable temperature 'H n.m.r. 
spectroscopy was obtained by recrystallisation of the amine 
from CD,OD-D,O. 
6-A ceiyl-6, 7,12,1 3-tetrahydro-5H-dibenz[c,g]azonine (4d). 
-The hydrochloride (100 mg) of the dibenzazonine (4c) 
was dissolved in water (20 ml), and acetic anhydride (0.5 
ml) in water (5 ml) was added dropwise with stirring. After 
1 h, the mixture was extracted with chloroform and the 
extract was concentrated to a crystalline residue. Re-
crystallisation from light petroleum (b.p. 60-80°) gave the 
aceiyldibenzazonine (4d) as long needles (48 mg, 47%), m.p. 
143_1450 (Found: C, 81.7; H, 7.45; N, 5.35%; M, 
265. C18H,9N0 requires C, 81.5; H, 7.2; N, 5.3%; M, 
265). For 1H n.m.r. data see Table 4. 
5,7,12,1 3-Tetrahydrodibenzo[c,g]thionin 	(4e) .-Sodium 
sulphide dihydrate (1.14 g) was added to a solution of the 
dibromide (13b) (730 mg) in methanol (200 ml) and the 
mixture was heated under refiux for 4 h. On cooling, t.l.c. 
on silica gel in benzene-light petroleum (b.p. 60-80°) (1: 1) 
indicated that the reaction was complete. The methanol 
was removed and the residue was extracted with boiling 
ether. Although the ethereal solution yielded a crystalline 
solid, the product was impure. Column chromatography 
on silica gel with benzene-light petroleum (b.p. 60-80°) 
(1:1) as eluant gave the dibenzothionin (4e) (183 mg, 24%), 
m.p. 110-111° (from methanol) (Found: C, 78.9; H, 6.7; 
S, 13.1%; M, 240.0979. C, 6H, 6S requires C, 79.8; H, 
6.7; S, 13.35%; M, 240.0973). For 'H n.rn.r. data see 
Table 4. 
5,7,12, 13-Tetrahydrodibenzo[c, g]thionin 6,6-Dioxide ( 4f) 
A solution of 30% hydrogen peroxide (1 ml) was added to a 
solution of the sulphide (4e) (60 mg) in glacial acetic acid 
(2.5 ml). After 4 days at 5 0 , the crystalline product was 
filtered off. Recrystallisation from methanol yielded the 
dioxide ( 4f) (50 mg, 74%), m.p. 220-221° (Found: C, 70.4; 
H, 6.1; S, 12.0%; M, 272. C,6H,6S02 requires C, 70.6; 
H, 5.9; S. 11.75%; M, 272). For 'H n.m.r. data see 
Table 4. 
13, 14-Dihydro- 13-methyl- 1 2H-dibenzo[d, i] [1,3, 7]dioxaz-
ecine (5a).-A 30% solution of methylamine in ethanol (10 
ml) was added dropwise with stirring to a solution of the 
dibromide (14b) (3 g) in benzene (25 ml) over 1 h at room 
temperature. The mixture was refluxed for 2 h, cooled, 
and filtered to remove methylamine hydrobromide (1.3 g). 
The filtrate was washed with water, dried (Na,SO 4), and 
concentrated to an oil. T.1.c. of this product on silica gel 
in benzene-ether (1: 1) indicated the presence of a fast 
moving component and several slower moving components. 
The fastest moving component was purified by distillation 
at 0.05 mmHg; the fraction which distilled over in the 
range 120-130 °C was coUecte. Although this product 
(950 mg, 48%), which migrated as one component on t.l.c., 
could not be obtained crystalline, the spectroscopic evidence 
suggested it was the dibenzodioxazecine ( 5a) (Found: M+, 
255.1255. C, 8H, 7 NO2 requires Ii'!, 255.1259). For 'H 
n.m.r. data see Table 7. 
The free base (5a) (105 mg) was dissolved in ether and 
converted into the hydrochloride ( 110 mg, 81%) by treat-
ment with hydrogen chloride gas; in.p. 235-236° (from 
ethanol) (Found: C, 65.9; H, 6.45; Cl. 11.85; N, 4.9; 
C,H,8ClNO, requires C, 65.9; H, 6.22; Cl, 12.15; N, 
4.8%). 
I 3-.Benzyl-13, 14-di/iydro- 12H-dibenzo[d,i] [ 1,3, 7]dioxaz-
ecine (5b).-A solution of benzylarnine (1.07 g) in anhy -
drous benzene (15 ml) was added dropwise with stirring 
to a solution of the dibromide (14b) (1.16 g) in anhydrous 
benzene over 1 h at room temperature. The mixture 
was refluxed for 3 h, cooled, and filtered to remove benzyl-
amine hydrobromide. After washing with water, the filtrate 
was dried (Na,SO 4) and concentrated to an oily residue, 
which had crystallised after two months. Recrystallisa-
tion from ethanol yielded the dibenzodioxazecine ( 5b) (670 
mg, 68%), m.p. 95-97° (Found: Mt 331.1572. C,,H,,NO, 
requires lvi, 331.1566). For 'H n.m.r. data see Table 7. 
The free base (Sb) (87 mg) was dissolved in ether and 
converted into the hydrochloride (93 mg, 93%) by treatment 
with hydrogen chloride gas; m.p. 245-246° (from ethanol) 
(Found: C, 71.6; H, 6.05; Cl, 9.55; N, 3.7. C21H21C 1 NO, 
requires C, 71.8; H, 6.05; Cl, 9.65; N, 3.8%). 
I 2H, 14H-Dibenzo[d, i][l .3, 7]dioxathiecin 	(5c) .-Sodium 
sulphide dihydrate (627 mg) was added to a solution of the 
dibromide (14b) (420 mg) in methanol (30 ml) and the 
mixture was heated under reflux for 6 h. On cooling, t.l.c. 
on silica gel in benzene-light petroleum (b.p. 60-80°) (1: 1) 
Il 
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indicated the reaction was complete. Apart from a fast 
moving component there were several slower moving com-
ponents. The sulphide (Sc), which corresponded to the fast 
moving component, was obtained pure by silica gel column 
chromatography with benzene-light petroleum (b.p. 60-
800) (1 : 1) as eluant. Recrystallisation from methanol 
at 5 °C yielded the dib'enzodioxatlziecin (5c) as prisms (97 
mg, 25%), m.p. 103-104° (Found: C, 70.2; H, 5.7; S. 
12.95%; M', 258. C15H1402S requires C, 69.8; H, 5.46; 
S. 12.4%; M, 258). For 'H n.m.r. data see Table 7. 
1 2H, 14H-Dibenzo[d , i][1, 3, 7]dioxathiecin 13,13-Dioxide 
(5d).—A 30% solution of hydrogen peroxide (1 ml) was 
added to a solution of the sulphide (5c) (50 mg) in glacial 
acetic acid (2.5 ml). After 2 days at 5°, the crystalline 
product was filtered off and recrystallised from aqueous 
ethanol to yield the dioxide (5d) as needles (43 mg, 77%), 
m.p. 239-240° (Found: C, 61.8; H, 4.85; S. 11.25%; 
M, 290. C 15 H,404S requires C, 62.1; H, 4.85; S, 11.05%; 
Al, 290). For 'H n.m.r. data see Table 7. 
1 3-ilIethyl- 1 2H, 14H-dibenzo[d, i][1,3, 7]dioxathiecin- 1 3-ium 
Tetrafluoroborate (16)—The sulphide (5c) (592 mg) was dis-
solved in nitromethane (10 ml) and methyl iodide and silver 
tetrafluoroborate (450 mg) were added. The mixture was 
stirred at room temperature for 3 h during which time silver 
iodide was precipitated. After addition of dichloromethane 
(100 ml), the silver iodide was filtered off and the filtrate 
was concentrated to an oil which crystallised. Recrystal-
lisation from ethanol yielded the tetrafluoroborate (16) (603 
mg, 73 0/ '0 ), m.p. 179-181° (Found: C. 53.4; H, 4.65; 
S, 9.1. C,6H,7 B1W2S requires C, 53.4; H, 4.75; S, 8.9%). 
12, 13-Dihydro- 1 2-;nethyltlziodibe nzo[d,h][ 1, 3]dioxonin 
(17a).—The tetra fluoroborate (16) (500 mg) was .uspended 
in dry tetrahvdrofuran (10 ml) and sodium hydride (50 mg) 
was added. A white precipitate of sodium tetratluoroborate 
was formed while the mixture was stirred at room tempera-
ture. After 3 h, tic, on silica gel in benzene-light petrol-
eum (b.p. 60-80°) (1: 1) indicated the reaction was com-
plete. The mixture was filtered and the filtrate concentrated 
to give an oil which was distilled at 0.05 mmHg. The 
fraction which distilled over in the range 120-130'C 
was the dibenzodioxonin (17a) (284 mg, 41%) (Found: C, 
69.6; H, 5.75; S, 11.3%; M, 272. C,2 H 160,S requires 
C, 70.6; H, 5.9; S, 11.75%; ill, 272). 
12,1 3-Di/iydrodibenzo[d , h] [1 ,3]dioxonin (17b).—The sul-
phide (17a) (35 mg) in ethanol (25 ml) was heated under 
refiux with Haney nickel (100 mg). After 2 Ii, t.l.c. on silica 
gel in benzene-light petroleum (b.p. 60-80°) (1: 1) indi-
cated that the reaction had gone to completion to give one 
product. Concentration of the filtrate obtained after re-
moval of the catalyst yielded the dibenzodioxonin (17b), 
which crystallised from aqueous methanol as prisms (20 
mg, 69%), m.p. 128-129° (Found: C, 79.7; 1-1, 6.15%; 
226. C,,H,,02 requires C, 79.6; H, 6.25%; M, 226). 
For 1H n.m.r. data see Table 4. 
Determination of Rates of Conformational Change by 'H 
N.m.,'. Spectroscopy.—The methods used have been fully .  
described." The computer programs (coded in FORTRAN 
IV) used to generate theoretical line shapes are described 1,2 
for the general methods I—Ill. 
Method I. A program (I) for exchange of nuclei be-
tween two unequally populated sites, A and B, with no 
mutual coupling. The N-methyl group of compound (3a) 
and the N-benzylic methylene group of compound (3b) 
both gave two singlet signals of unequal intensities at low 
temperatures t and so spectral line shapes were simulated 
by using this program. Calculated and observed spectra 
are shown in Figures 1 and 2 for compounds (3a and b), 
respectively. The analysis of the spectra for compound 
(3b) was carried out in conjunction with program III (see 
later). 
Method II. A program (II) for exchange of nuclei be-
tween two sites, A and B, with equal populations and a 
mutual coupling constant. This program was used to 
simulate the spectral line shapes of the single AB system 
exhibited by the C-S and C-7 methylene protons of the cyclic 
sulphide (3c) at low temperatures. 
Method III. A program (III) for the case in which 
nuclei are exchanged between the pairs of sites Al and BI, 
A2 and B2, Al and A2, and B! and B2 of two AB systems. 
This program was used to simulate the spectral line shapes 
associated with the C-5 and C-7 methylene protons of the 
cyclic amines (3a and b) at low temperatures. In both 
cases, the exchange rate (k,) between the sites A2 and B2 
was fast compared with the exchange rates (k,,) and (k 21 ) 
between the sites Al and A2, and BI and B2, and the 
exchange rate (k,) between the sites Al and BI. Thus, 
nuclei in sites A2 and B2 give rise to a single line (A132) at 
the average site chemical shift, whereas nuclei in sites Al 
and BI give rise to a typical four-line AB system. Calcu-
lated and observed spectra are shown in Figures 1 and 2 
for compounds (3a and b), respectively. 
Method IV. For compounds (4a, b, and d—f), and 
(5a—d) site exchange rate constants, k, were calculated 
at coalescence temperatures,. T5 , by using the approximate 
relationship (i), which is suitable for exchange of nuclei 
between two sites A and B with equal populations and 
chemical shifts, VA and VJ, respectively, and a mutual 
coupling constant, J. 
kr  = -[(VA - "B)" ± 6JAn'1 1/ 21 	(i) 
Strain Energy Calculations—These were carried out by 
using a program (coded in FORTRAN) based upon the 
steepest descent ' minimisation procedure of Wiberg." 
Details of the force field employed have been given in a re-
cent review. 14 
RESULTS AND DISCUSSION 
In the ' 6,9,6 ' systems, which are heterocyclic ana-
logues (3 a—c) of 12,1 3-clihydro-I 1 H-dibenzo[a, e]cyclo-
nonene, similarities in conformational behaviour with 
that of the ' 6,8,6 ' systems (2) are observed. The tem-
perature-dependent 'H n.m.r. spectra of the cyclic 
amines (3a and b) demonstrate that two diastereoisomerjc 
conformations are populated in solution. In each case, 
at low temperatures, the C-5 and C-7 methylene protons 
exhibit (i) an AB system assignable to a relatively rigid 
conformation and (ii) a singlet associated with a rapidly 
inverting conformation. These signals coalesce to an 
AB system as the temperature is increased and then to a 
f This observation is consistent with ground state conform-
ations for compound (3b) having C, or averaged C, symmetry 
where the N-benzylic methylene protons are homotopic [c-f. the 
situation which pertains in compounds (4b) and (Sb) with ground 
state conformations having local C, symmetry and demonstrably 
diastereotopic N-benzylic mc'thylene protons]. This requirement 
necessitates that the olefinic bond in compound (3b) has the cis-
configuration. The close similarities in the conformational 
behaviour and 'H n.m.r. spectra of the two cyclic amines (3a 
and b) imply that compound (3a) also has the cis-configuration 




singlet at higher temperatures. Two exchange processes 
can therefore be identified by line-shape analysis 
(Figures 1 and 2) and may be associated with conforma-
tional interconversion of the two diastereoisomeric con-
formations and slow inversion of one of these diastereo- 
TABLE 1 
Temperature-dependent 1H n.m.r. spectral parameters 
(100 MHz) for compounds (3a-c) in CDC1 3 
Chemical shift (r) 
Corn- 	 Temp. 	 (coupling constant 
pound X 	(°C) Group 	in Hz) 
NCH3 -31 	ArCH2N 5.82 (Al). 6.22 (Bi) 
(f 13.9) 
ArCH2N 6.23 (AB2) 
CH5N 	7.62(s) (A), 7.70(s) (B) 
ArCH 3.60(s) 
	
+30 	ArCH2N 5.86 (Al2), 6.26 (B12) 
(J 13.9) 
CH3N 	7.64(s) (AB) 
+68 	ArCH 5N 6.12(s) (AB12) 
CH3N 	7.64(s) (AB) 
NCH 2Ph 	-20 	ArCH2N 5.84 (Al). 6.08 (BI) 
(J 13.9) 
ArCII2N 6.17(s) (AB2) 
PhCH2N 6.23(s) (A). 6.48(s) (B) 
ArCH 	3.58(s) 
+45 	ArCH 2N 6.08(s) (ABI2) 
PhCH2N 6.28(s) (A13) 
S 	-10 	ArCH 2S 5.93 (Al), 6.34 (B1) 
(J 14.2) 
+40 ArCH 1S 6.16 (AB1) 
The designations Al, BI etc. correspond to the site ex-
changes cited in Table 2. Sites are designated A and B for 
uncoupled two-site systems. Sites that represent two time-
averaged signals are designated A13. Sites are designated Al 
and BI for coupled AB systems. Sites are designated Al, Bl, 
A2, and B2 for four-site systems where there is coupling in the 
form of two AB systems. Sites that represent two time-
averaged signals are designated AB1 (average of Al and Bl), 
Al2 (average of Al and A2), etc. 6 The signal for the minor 
conformation. The signal for the olefinic protons in the major 
conformation is masked by the signals for the aromatic protons. 
isomers with its enantiomer. The other rapidly inverting 
conformation constitutes the minor one and in the case of 
methylene protons of (3b).t Their coalescence be-
haviour permits independent line-shape analysis of the 
interconversion processes involving the two diastereoiso-
meric conformations. The spectral changes associated 
with the signals for the C-5 and C-7 methylene 
protons, and where relevant with those for the 
N-methyl and N-benzylic methylene protons, are 
summarised in Tables 1 and 2. Table 1 gives the 
chemical shifts and coupling constants of the high- and 
the low-temperature spectra. Table 2 gives details of 
the site exchanges affecting the signal line shapes and 
some thermodynamic parameters associated with the 
conformational changes. These are derived by com-
parison (see Figures 1 and 2) of observed and calculated 
spectra over a range of temperatures by methods 
I-Ill (see Experimental section). Good agreement is 
attained for the thermodynamic parameters associated 
with the interconversion, processes involving the two dia-
stereoisomeric conformations of compounds (3a and b) 
by using methods I and III on signals arising from two 
different 'H n.m.r. probes. 
Examination of molecular models of compounds (3) 
and strain energy calculations on the cyclic sulphide 
(3c) direct attention to two types of conformation which 
are relatively free from angle strain and torsional strain. 
The first of these is a rigid chair-like conformation (18) 
with C3 symmetry (Chair). Protons H and H [see 
(18)] of the C-5 and C-7 methylene groups undergo 
exchange between sites Al and BI during the conform-
ational inversion (18a) (18b). Thus, it is necessary 
to consider Lhe degenerate conformations (18a) and (18b) 
separately and so they will be designated C and C*  in the 
discussion that follows. Conformations are also con-
veniently 1,2,14  described by using the usual --. and - 
notation 15 for torsion angles and referring in turn to the 
bonds 4a,5, 5,6, 6,7, 7,7a, lla,12, and 13,13a in com-
pounds (3). Accordingly, the signs of these torsion 
TABLE 2 
Site exchanges and thermodynamic parameters associated with conformational changes in compounds (3a-c) 
G°/ £GiI 
Site kcal kcal 
Compd. 	X 	Program 	exchanges 	p1 P2 	mol' mol 1 Process 	Comments 
NCH3 III 	Al -.- 	A2; 0.905 0.095 1.13 15.9 C-- Boat Assumed k(A2 	132) 
BI 	B2 (-22°C) 00 
Al -'-- BI 16.3 C 	CO 
I 	A 15.4 C-.i-Boat 
NCH2PII 	I + III 	Al -u- A2; 	0.860 0.140 	0.84 14.9 C-p- Boat Assumed k(A2----i'. 132) 
BI 	B2 (-42 °C) 
A1----Bl 16.1 
A-B 14.9 C--Boat 
S 	II 	Al 	BI 	>0.98 <0.02 	>2.11 15.5 CC5 
(0 °C) 
Details of chemical shifts and coupling constants are given in Table 1. 	The AB system AlBl refers to the C-5 and C-7 methylene 
protons of the Chair (major) conformation and the singlet AB2 to the Boat (minor) conformation. 
the cyclic sulphide (3c) it is not observable by 'H n.m.r. 
spectroscopy where coalescence of a single AB system 
.characterises the temperature-dependent spectra. In the 
low temperature spectra of the cyclic amines (3a and b), 
two singlets of unequal intensity are observed for the 
.N-methyl protons of (3a) and also for the N-benzylic 
The same footnote as on page 930.  
angles are listed below all conformational diagrams used 
in this paper. 
The second type of conformation belongs to a family of 
flexible boat-like conformations (Boat) and two pairs of 
16 w Klync and V. Prelog, Experientia, ioeO, 18, 521; J. B. 
Hendrickson, J. Amer. Chem. Soc., 1961, 83, 4537; 1962, 84, 
3355; 1964, 88, 4854; 1067, 89, 7038, 7043. 7047. 
a) BC.. - -+ -j 
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conformations can be distinguished on account of their 








Al2 	 I \ B12 
(e) 427 0C I' 	 II \ 
— - — - - - 
It 	 it 
(f).2°C 	II 	 - 	 H 
II I/il 	Is 
-- 
/ \  
It  











ilo 	136 	7 	
BI 
~ty~ . ~ A' 
<: 74 
H1 
(lBa) CC. - + - + -) 
5-84 	T608 T617 C623 
FIGURE 2 Observed (full line) and computed (broken line) 
spectra of the N-benzylic methylene protons and the C-5 and 
C- 7 methylene protons of the N-benzyl derivative (3b): (a) At 
—7°C. k 1 = 0s', k 2 = 100 000 k = 3.0s 1 , k &B = 3.0s', 
P1 	PA = 0.86, p1pB = 0.14; (b) at —14 °C. h 1 	0 s'. 
= 100 000 s 1 , k 0.66 s', k,, = 0.66 s 1 , P , E P L = 0.86. 
PI EPB = 0.14 
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FIGURE 1 Observed (full line) and computed (broken line) 
spectra of the N-methyl protons of the N-methyl derivative 
(3a): (a) At +3  °C, k = 3.0 s, PA  0.905,  PB  0.095; (b) at 
—5 °C, k,, 1.2 s, PA 0.905, PB 0.095; (c) at —22 °C. 
0.23 S', PA 0.905, PB  0.095. 
Observed (full line) and computed (broken line) spectra of 
the C-S and C-7 methylene protons of the N-methyl derivative 
(3a): (d) At +45 °C, k, = 58 s'. h 1 = 100000 s', k 11 = 120 
s'', p1 0.905, p2 0.095; (e) at + 27 °C, h, = 1.0 s 1, h, = 100 000 
s, k 12 = 21 5I, p1 0.905, P! 0.095; (f) at +2 °C, k = 0 si, ks = 100 000 s, k = 1.0 sW '. k 1 = 100 000 s', k 1 , = 1.0 s 1 , 
P1 0.905, p2 0.095; (g) at —14.5 °C. k 1 = Os', k 1 = 100 000 
s', k 12 = 0.14 s_i. p1 0.905, p, 0.095 
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B and B* (19a and b) with C3  symmetry and (ii) the pair 
of twist-boat conformations TB and TB" (20a and b) 
with C2  symmetry.t These conformations are inter-
convertible by a pseudorotational process which involves 
asymmetric distorted-boat conformations DB1, DB1", 
DB2, and DB2* [(21a and b) and (22a and b)]4 
5 
M,' z )
I 	 I 	
I 	 X 
(20a) TB (. - - + - -) 	 (20b) TB • ( - + + - +.) 




(22ci)032(-+ - - . -) 	 (22b)DB2(. -,-,) 
The relative energies of the C, B, TB, and DB con-
formational types depend upon the nature of the group X 
in compounds (3). Strain energy calculations (Table 3) 
on the cyclic sulphide (3c) indicate that the C (iSa and b) 
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FIGURE 3 Conformational changes in the heterocyclic analogues 
(3) of 12,1 3-dihydro- 11 H-dibenzo[a,e]cyclononefle 
types correspond to ground state conformations. The 
DB conformations [(21a and b) and (22a and b)] are 
situated geometrically between B (19a and b) and TB 
(20a and b) conformations in the conformational itiner-
ary depicted in Figure 3 and are characterised by 
t The conformational types TB and TB (20a and b) do not 
have C, symmetry when X = NR. However, if the substituent 
R on nitrogen is ignored then this conformation has local C, 
symmetry.  
torsion angles of ca. 45 and 98° about the 5,6- and 6,7-
bonds, respectively, in the cyclic sulphide (3c). The 
strain energy calculations (Table 3) show that the C 
conformations B and B" (19a and b) are destabilised, as 
expected, by nonbonded interactions involving the 
sulphur atom and the olefinic double bond. The calcu-
lations show that these nonbonded interactions are 
partially relaxed and instead the strain manifests itself 
in angle strain. Although the C2 conformations TB and 
TB" (20a and b) are stabilised by increased conjugation 
of the olefinic double bonds with the aromatic rings, they 
experience large contributions to angle strain in the region 
of the olefinic double bond as well as out-of-plane de-
formation of the aromatic rings. The destabilising 
features of the B (19) and TB (20) conformations are 
progressively reduced by the pseudorotational process 
that converts them both into DB conformations [(21) 
and (22)], corresponding to the minimum energy Boat 
conformations. In the DB conformations [(21) and 
(22)] both nonbonded interactions and angle strain are 
minimised at the expense of a slight increase in torsional 
strain associated with either the 5,6- or 6,7-bonds. In 
contrast with the ' 6,8,6 ' systems (2),' in the ' 6,9,6 
systems (3) the minimum energy Boat conformations 
[(21) and (22)] lie closer to the B conformations (19) than 
to the TB conformations (20). 
With the identity of the ground state conformations 
established, it is necessary to consider pathways by 
which they might undergo inversion and interconversion 
processes. Strain energy calculations indicate that the 
DB conformations [(21) and (22)] can undergo inversion 
by means of B (19) and TB (20) transition state con-
formations. However, the rate-limiting process for 
DB DB" inversion must be associated with the 
higher energy TB (20) transition state conformation. 
Strain energy calculations on trial geometries indicate 
that the transition state TS conformation (23) for Chair 
Boat interconversion is characterised by coplanarity 
of atoms 4a, 5. 6, 7, and 7a, and thus has C3 symmetry. 
This situation contrasts with the transition state of C, 
symmetry which was identified ' by strain energy calcu-
lations for 5,7-dihvdro-12H-dibeflzo[C,fjthiOCifl (2; X = 
S, Y = CH 2) and 6methy1-5,6,7,12-tetrahydrOdibeflZ-
[c,f]azocine (2; X = NMe, Y = CH,). In the case of 
the cyclic sulphide (3c), the torsional rigidity associated 
with the olefmic double bond appears to be responsible 
for the preservation of C3  symmetry in the TS conform-
ation (23). This transition state conformation lies on 
the pathways C B and C* B" and is charac-
terised by appreciable contributions from angle strain, 
torsional strain, and out-of-plane deformations of the 
aromatic rings. 
The conformational itinerary in Figure 3 associates the 
ground state conformations (C, DB1, DB2 and their 
degenerate or enantiomeric partners C", DB1*, DB2") 
with the transition states (B, TB, TS and B, TB",, TS*). 
There is an infinite number of distorted-boat conformations. 
The descriptions D131 and DB2 and the conformational diagrams 
(21) and (22) correspond to the minimum energy boat conform-
ations for compounds (3). 
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TABLE 3 
Calculated strain energies (ET/kcal mot') of various conformations of 5,7-dihydrodibenzo[c,g]th ion in (3c) 
Conformation 	 Eo ' 	E.g, d 	 E,.I 	ET 
CEC (18) 	 0.23 	0.82 1.41 0.09 	-1.16 1.40 
BEB' (19)' 1.20 4.42 	0.78 	0.80 1.97 	9.18 
TBETB5 (20)' 	 2.32 	13.92 -6.26 4.11 	0.01 14.09 
DB1EDB1°EDB2EDB2' (21), (22)] ' 	 0.94 3.45 	0.93 	0.14 0.79 	6.24 
TS-=TS (23)'J 	 2.68 	7.03 5.57 3.86 	-1.64 17.50 
• The following energy terms (J. F. Stoddart, 'Organic Chemistry, Series One. Structure Determination in Organic Chemistry: 
ed. W. D. 011is, Butterworths, London, 1973. p. 1) have been used: E, (bond length strain). Eo (angle strain). E (torsional strain). 
E (out-of-plane strain in aromatic rings), E (non-bonded interactional strain); total strain energy ET = E, + lie ± E$, + Ea ± 
'Calculations based upon the following force constants. Bond length strain: Aromatic kco 1 120, keg 727; Aliphatic 
koo 663, k 688, keg 451; Olefinic k0c 1 380, k 764 kcal mor' A2.  Angle strain: Aromatic kccc 144. kccH 108; Aliphatic 
k000 115, hoon 94, kEg 74, k8cH 89, k,o 100; Oleflnic kccc 144, kccn 108 kcal mor' radiamf'; all angle strain reduced by a 
factor of 0.7. 6 Calculations based upon the following equilibrium bond lengths and bond angles: Aromatic C-C 1.395, C-H 1.09; 
Aliphatic c-C 1.54, Ar-C 1.50, C-S 1.80, C-H 1.09; Olefinic CC 1.33, C-H 1.09 A. Aromatic CCC 120°, CCH 120°; Aliphatic 
CCC 111.5°, SCC 111.5°, CSC 98.5 0, CCH 109.5 0, HCH 106°, SCH 108.5°; Oleflnic CCC 120 0, CCH 1200. d  The torsional strain 
associated with C-S bonds was treated as a three-fold barrier of height 2.1 kcal mol'. That associated with the CC bond was 
treated as a two-fold barrier of height 65 kcal mol 1 . Conjugation energy of 5 kcal mol' for the double bond with each aromatic 
ring was also included in the calculations. Aromatic CC bond twisting was calculated according to Boyd et al. (see footnote e). 
Out-of-plane strain associated with aromatic rings was calculated according to Boyd a al. (R. H. Boyd, J. Chem. Phys., 1968, 
49, 2574; C. Shieh, D. McNally. and R. H. Boyd, Tetrahedron, 1969, 29, 3653). 1  Non-bonded interactions based upon the Hill 
equation as summarised in E. L. Eliel, N. L. Auinger, S. J. Angyal, and G. A. Morrison, ' Conformational Analysis,' ch. 7. Wiley-. 
Interscience, New York, 1965. ' C symmetry. ' C, symmetry. 0 56 = +48° and 6., = -98° in DB1. i  Defined by holding 
atoms 4a. 5, 6, 7, and 7a coplanar. 	 - 
It is now necessary to relate the results obtained (Table 3) 
from strain energy calculations on the cyclic sulphide 
(3c) to the temperature-dependent 'H n.m.r. spectral 
characteristics of compounds (3) and the thermodynamic 
parameters associated with the conformational inter -
conversion and inversion processes. 
The calculated strain energy difference (LET < 8 kcal 
mol') between the DB [(21) and (22)] and TB (20) con-
formations (Table 3) in the cyclic sulphide (3c) implies 
that the DB DB* inversion in compounds (3) must 
involve a relatively low energy barrier and an inversion 
process which is fast on the n.m.r. time scale even at 
-100 °C. Thus, the spectral characteristics associated 
with rapid inversion in the cyclic amines (3a and b) can 
be ascribed to Boat conformations. The calculated 
strain energy difference (LET 16.1 kcal rno1 1) between the 
C (19) and TS (23) conformations (Table 3) is in good 
<5_L~) (23o)TS( , 00 - + - ) 
123b) TS*  ( 00+ - 
agreement with the observed free energy of activation 
15.5 kcal mol') for C C* inversion in the cyclic 
sulphide. The calculated strain energy difference 
(IET 4.8 kcal mol') between the C (18) and DB [(21) 
and (22)] conformations (Table 3) is consistent with the  
failure to observe any Boat conformation signals 
in the low-temperature 'H n.m.r. spectra of the cyclic 
sulphide (3c). The fact that both the N-methyl deriva-
tive (3a) (AG: 16.3 kcal mol') and the V, -henzyl deriva-
tive (3b) (iGt 16.1 kcal moll) undergo C ?= C* 
inversion via flexible boat conformations as detectable 
intermediates in their 1H n.m.r. spectra below 0 'C 
probably reflects the decreased destabilisation of the DB 
conformation [(21) and (22)] when nitrogen replaces 
sulphur at C-6. In principle, the free energy of activation 
for C -. Boat interconversion should be reduced by RT 
In 2 relative to that for C C* inversion since k 
= 0.5 kO.._,Boat  if the inversion process involves inter-
mediate Boat conformations. Qualitatively, this feature 
is evident in both the N-methyl derivative (3a) 
(GtC..-,noat 15.4-15.9 kcal mol') and the N-benzyl 
derivative (3b) (AGto--,B,,5t  14.9 kcal mol') where the 
only criterion exercised in the determination of ko..._,nc.t 
by line-shape analysis using two different 'H n.rn.r. 
probes was the match between observed and calculated 
spectra. 
The ' 6,9,6 ' systems (4) show a completely different 
kind of conformational behaviour from the nine-mem-
bered ring olefins (3). At low temperatures, the 'H 
n.m.r. spectra of compounds (4a, b, e, and f) show a single 
AB system associated with either hornot-opic or enantio-
topic C-5 and C-7 methylene groups. In all cases, this 
AB system coalesces to a singlet as the temperature is 
increased. In contrast, the temperature-dependent 'H 
n.m.r. spectra of the cyclic amide (4d) are characterised 
by the occurrence of two different exchange processes. 
Two equal intensity AB systems associated with dias-
tereotopic C-5 and C-7 methylene groups at low tem-
peratures coalesce to give two well-resolved singlets at 
room temperature which eventually broaden and coalesce 
at high temperatures. The C-5 and C-7 methylene 
groups are diastereotopic because of slow amide bond 
1976 
rotation and hence give rise to two AB systems in the 
temperature range where ring inversion is observed [cf. 
Abraham et at. (footnote e, Table 4)]. At room tempera-
ture, where ring inversion is fast on the 'H n.m.r. time-
scale, the C-5 and C-7 methylene groups are still dia-
stereotopic on account of slow amide bond rotation and 
thus give rise to two singlets. These singlets coalesce 
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marised in Tables 4 and 5. Table 4 gives chemical 
shifts and coupling constants of the high- and low-
temperature spectra. Table 5 records the spctral data 
which permit calculation by method IV (see Experimental 
section) of the rate constants at the coalescence tempera-
tures and the associated free energies of activation for the 
conformational changes. 
TABLE 4 
Temperature dependent 'H n.m.r. spectral parameters (100 MHz) for compounds (4a, b, and d-f), and (17b) 
Chemical shift () (coupling 
Compound 	X 	 Solvent 	Temp. (°C) 	
Group 
CDC1,-CS, -70 ArCH,N 
constant in Hz) 
6.53 (Al), 6.73 (BI) (JAB 13.5) NCH, 
(1: 1) 	 ArCH,C 6.70-7.46 (m) 
CH,N 7.36 (s) 
+30 	ArCtf,N 6.86 (s) (AB1) 
ArCH,C 7.11 (s) 
CH,N 7.45 (s) 
NCH,Ph 	CDCI,-CS, 	-70 	ArCH,C 
(1: 2) PhCH2N 
6.69-7.59 (m) a 
5.84 (Al), 6.52 (BI) (JAB 12.5) 
+30 	ArCH,C 6.71 (s) 
PhCH,N 6.24 (s) (AB1) 
NCOCH, 	CS, 	 . 	-70 	. ArCH,N 
4.60 (Al), 6.91 (BI) (JAB 13.5) 
5.55 (A2), 6.31 (132) (JAB 14.5) 
ArCH,C 6.49-7.59 (m) a 
CH,CON 7.64 (s) 
-30 	ATCH,N 5.66 (s) (AB1),' 5.82 (s) (AB2) 
ArCH,C 7.03 (s) 
CJI,CON 
S 	 CDC],-CS, 	-70 	ArCH,S 
7.65 (s) 
6.54 (Al), 6.80 (BIN, (JAB 13.5) 
6 ArCH,S 6.60-7.80 (m) 
+30 	ArCH,S 6.74 (s) (AB1) 
ATCH,C 
(40 	SO, 	 CDCI 	
-30 	.ArCH,SO, 
7.15 (s) 
5.94 (Al), 6.18 (Bi) (JAB 13.8) 
ArCH,C 6.45-7.10 (m) 
ArCH,SO, 6.00br (s) (AB1) 
ArCH,C 6.45br (s) 
(17b) 	- 	 CDCI,-CS, 	--90 	ArCH,O OCH,O 
6.80-7.50 (m) 
4.50 (s) (1 	1) 
-1-30 	ArCH,C 7.04 (s) 
OCH,O 4.48 (s) 
The designations Al, Bi, etc. correspond to the site exchanges cited in Table 5. 
'H 	 recorded for the tetradeuterio-derivative 
See footnote a in Table 1 for further details. 
(15) at low temperatures because of over- 
' AA'BB' system. 	N.ni.r. spectra were lapping of the signals for the C-S and C-7 methvlene protons and the benzylic methylene protons in the parent compound (4b). 
C-7 	 as a result of slow amide bond rotation aABCD system. 	• Two sets of signals are observed for the C-5 and 	iiethy1ene protons in the temperature range where ring inversion is observed (cf. R. J. Abraham, rendering these methylene groups diastereotopic 
L. J. Kricka. and A. Ledwith, J.C.S. Chem. Comm., 1973, 282). 	
/ These singlets begin to show extensive line broadening abov 
+ 30 'C in CDCI,. 
TABLE 5 
Free energies of activation for ring inversion (C, chair 	C, chairs) in compounds (4a, b, and d-f),and (17b) 
Prochiral
.Gt (at T)/ 
Compound 	X 	 group 	(VA - v)/Hz 	JAB/Hz 
	 T01K 	k. bls-1 	kcal mor' 
NCH, AICH,N 20.5 13.5 214 
87 9.8 
NCH,Ph 	PhCH,N 	 68.0 	 12.5 
C 	 217' 	166 	 10.4 
NCOCH, ArCH,N a 23.0 13.5 215 
516 9.8 
	
76.0' 	145' 	208 • 	186 	 9.9 
S 	 ATCH,S 	 25.8 13.5 
231 93 11.3 
(40 	SO, ArCH,SO, 
23.1 	 13.8 	288 	91 	 13.7 
(17b) - 	 ArCH,C1 	 14.3 14.0 
189 83 9.3 
Details of chemical shifts are given in Table 4. Protons undergo exchange between sites Al and B! unless otherwise stated. 
Calculated by method IV (see Experimental section). C Spectral parameters for the tetradeuterio-derivative (15). 
a Line-shape 
analysis by use of program I on the high temperature spectra (see footnote e in Table 4) indicate that a free energy of activation 
of 19.3 kcal mol' can be associated with hindered amide bond rotation. ' Spectral parameters for site exchange A2 ..... B2. 
/ Coalescing AA'BB' system treated as an AB system. 
into one singlet at higher temperatures where hindered 
amide bond rotation is observed. The spectral changes 
associated with the signals for the C-S and C-7 methylene 
protons, and where relevant with those for the N-acetyl, 
N-benzylic methylene, and N-methyl protons are sum- 
The observation of isochronous C-5 and C-7 methylene 
groups in compounds (4a, b, e, and 1) at low temperatures 
requires that the observable ground state conformation 
must have either C or C2 symmetry. A decision between 
these two possibilities is provided by the 'H n.m.r. 
spectrum of the N-benzyl derivative (4b), where below 
—50 °C the benzylic methylene protons give rise to an 
AB system and are therefore demonstrably diastereo-
topic. Clearly the ground state of the 6,9,6' system 
(4b) must have C2 symmetry leading to either a C2 chair 
(24) or a C2 boat (25) as the only two possibilities. The 
notation 15 for torsion angles in these conformations, 
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(Figure 4) involving C, chair (26) conformations. The 
transition state geometry has not been characterised by 
strain energy calculations in this case, but nonetheless it 
seems likely that the transition state conformation will 
lie on the pseudorotational itinerary somewhere between 
the C2 chair (24) and the C, chair (26). Boat-like 
intermediates do not need to be implicated in the C2 
TABLE 6 
Calculated strain energies (ET/kcal moll)a  on two conformations of 5,7,12, 13-tetrahydrodibenzo[c,g]thiocin (4e) 
Conformation 	 E, 	Ea 	Ej, 	Ea 	E 
C, chair 	C, chair* (24a) 	0.52 1.34 3.21 0.36 0.77 	6.20 
C, boat C. boat* (24b) 1.58 	4.35 	3.60 	0.49 	2.67 12.70 
See footnotes a—f in Table 3. The torsional strain associated with C–C bonds was. treated as a three-fold barrier of height 
3.0 kcal mol. 
	
(24a) (:L2  choir (. - - + - + -) 	124b).C 2 chair* ( - ++- . -+) 
(25a)C 2 boat 1+ - - + + - (25b)Q2 boat-++- - + -) 
(26a) C S chair(. -+ -40-) 
and in others in this series, refers in turn to the 4a,5-, 
5,6-, 6,7-, 7,7a-, lla,12-, 12,13-, and 13,13a-bonds. 
Discrimination in favour of the C. chair (24) as the pre-
ferred ground state conformation for the '6,9,6' sys-
tems (4) was provided by strain energy calculations 
(Table 6) on the cyclic sulphide (4e). Extrapolation 
to the other cases is justifiable since angle strain accounts 
for much of the destabilisation of the C2 boat (25) relative 
to the C2 chair (24). 
Cs chair,_ ,, 
C 2 chair 	 C chair 
C, chair 
FIGURE 4 Conformational changes in the heterocyclic analogues 
(4) of 6,7,11,1 2-tetrahydro.5H-dibcnzo[ac]cyclononene 
Examination of molecular models indicates that the 
C2  chair (24) is a flexible conformation and that ring 
inversion can occur by a pseudorotational process 
X — 
U- 
(26b) C. chair*( - • - f -0+) 
chair 	C2  chair*  inversion process. The magnitudes 
(Gt 9.8-13.7 kcal mol 1) of the free energies of activ-
ation (Table 5) of this inversion process for compounds 
(4a—f) are entirely in accord with a process involving 
torsion about single bonds and contrast with the much 
higher values (LG 15.5-16.3 kcal mol') for the olefinic 
'6,9,6' systems (3) where angle strain is an important 
contributor (Table 3) in the TS conformation (23). 
The relatively high value (Gt 13.7 kcal mol') for the 
suiphone (4f) is mainly due to the much larger steric 
requirements of the suiphone group in a pseudorotational 
process. 
The ' 6,10,6 ' systems of type (5) are very similar in 
their conformational behaviour to the '6,9,6 ' systems 
(4). At low temperatures, compounds (5a—d) all 
exhibit (Table 7) AB systems for their C-12 and C-14 
methylene groups and sharp singlets for their dioxy-
methylene protons. These observations are consistent 
with conformations having C2 symmetry. For the N-





Temperature dependent 'H n.m.r. spectral parameters 
(100 MHz) for compounds (5a-d) in CDC],-CS, (1:1) 
Chemical shifts (.r) 
Corn- 	 Temp. (coupling constant 
pound X 	(°C) 	Group in Hz) 
NCH, -60 ArCH,N 0.13 (Al), 6.89 (Bi) 
(JAB 13.5) 
OCH,O 4.34(s)' 
CH,N 7.39 (s) 
+20 	ArCH,N 6.51(s) (AB1) 
OCH,O 4.37 (s) 
CH,N 7.43 (s) 
NCH,Ph 	-60 	ArCH,N 6.14 (Al), 6.82 (BI) 
(JAB 12.5) 
PhCH,N 5.92 (A2), 6.46 (132) 
• (JAB 13.7) a 
OCH,O 4.32(s) ' • 	
+30 	AtCH,N 6.44(s) (AB1) 
PhCH,N 6.16(s) (AB2) 
S 	 -70 	ArCH,S 6.21 (Al), 6.95 (BI) 
(JAB 14.8) 
OCH,O 4.29(s) 
+20 	ArCH,S 6.59(s) (AB1) 
OCH,O 4.33(s) 
(Sd) 	SO2 	-50 	ArCH,SO, 5.30 (Al). 6.42 (BI) 
(JAB 14.3) 
OCH1O 4.17(s) 
+50 	ArCH,SO, 5.92br (s) (ABI) 
OCH2O 4.21(s) 
The designations Al, BI etc. correspond to the site ex- 
changes cited in Table 8. 	See footnote a in Table 1 for further 
details. 	' Indicative of a ground state conformation of C. 
symmetry. 	I Only one AB system is observed although the 
C-12 and C-13 methylene groups are diastereotopic. 'Con- 
firmation of a ground state conformation of C, symmetry. 
by comparison with the '6,9,6' systems (4) is the C2 
chair (27). The notation 15  for torsion angles in this 
conformation refers in turn to the 4a,5-, ,6-, 6,7-, 7,7a-, 
11a,12-, 12,13-, 13,14, and 14,14a-bonds. The magni-
tudes (GI 10.6-13.1 kcal mol') of the free energies 
of activation (Table 8) for ring inversion (C2 chair C2 
chair*) are once again entirely in accord with a pseudo-
rotational process. 
Strain energy calculations have not been carried out 
on ' 6,10,6 ' systems (27) because of the problems intro- 
ft 0 0 	
*'~d 
0 
(27a)C2 chair(+ -- +  - .. -) 	(27b) C2  chair(-.. - 4--.) 
duced by potential P-7- conjugative interactions between 
the oxygen atoms and the aromatic rings, and also by 
potential 1,3-interactions 16  involving the two oxygen 
atoms. However, the selection of the C2 chair (27) as 
the ground state conformation matches that selected 
by other investigators 11  for monocyclic cis,cis-cyclo- 
TABLE 8 
-h-- Free energies of activation for ring inversion (C2 chair ___ C2 chair*) in compounds (5a--d) 
Prochiral tG (at T)I Compound X group (VA - v)/Hz • JAB/Hz TC/K k '/s' kcal mol' 
(5a) NCH, ArCH,N 75.4 13.5 227 184 10.8 
(Sb) NCH,Ph PhCH,N 68.6 13.7 237 170 11.3 
PhCH,N 53.6 12.5 231 C 137 11.1 
(6c) S ArCH5S 74.0 14.8 223 183 10.6 
(Sd) SO5 ArCH,SO, 112.0 14.3 277 261 13.1 
° Details of chemical shifts are given in Table 7. Protons undergo exchange between sites Al and BI unless otherwise stated. 
'Calculated by using method JV (see Experimental section). 	' Spectral parameters for site exchange B2. 
and C-14 methylene protons t and the other for the 
benzylic methylene protons, are observed at low tem-
peratures. Thus, the ground state conformation must 
have C2 symmetry and the one which has been selected 
t The diastereotopicity of the C-12 and C-14 methylene groups 
is not detectable by 'H n.m.r. spectroscopy at 100 MHz 
" C. Romers, C. Altona, H. R. Buys, and E. Havinga, Topics 
Stereochem., 1969, 4, 39; S. Wolfe, Accounts Chem. Res., 1972, 
5, 102; E. L. Elie], Angew. Chem. Internal. Ed;&., 1972, 11, 739; 
G. A. Jeffrey, J. A. Pople, and L. Radom, Carbohydrate Res., 
1972, 25, 117.  
deca-1,6-diene derivatives on the basis of conformational 
analysis. 
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11 J. Dale, T. Ekeland, and T. Schaung, Chem. Comm., 1968, 
1477; H. L. Carrell, B. W. Roberts, J. Donohue. and J. J. Vollmer, 
J. Amer. Chem. Soc., 1968, 90, 5263; B. W. Roberts, J. J. Vollmer, 
and K. Servis, ibid., 1968, 90, 5264; A. Almenningen, C. G. 
Jacobsen, and H. M. Seip, Ac/a Chem. Scand., 1969, 23, 1495; 
Feigenbaum and J. Al. Lehn, Bull. Soc. chim. France. 1969, 
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Enantiomeric Differentiation by Chiral Macrocyclic Polyethers Derived from 
D-Mannitol and Binaphthol 
By- W. DAVID CURTIS, RICHARD M. KING, J. FRASER STODDART, and GRA:AM H. JoNEst 
(Department of Chemistry, The University, Sheffield S3 7HF, and tCorporate Laboratory, Imperial Chemical Industries Ltd., 
P.O. Box No. 11, The Heath, Runcorn, Cheshire WA7 4QE) 
Summary The chiral macrocyclic polyethers (R) 7 D - (5) and 	Configurational assignments were made to isomers A and 
(S) -D - (5) deri'ed from D-maflflitol and (R)- and (S)- B on the basis of a stereospecific synthesis of the di-O-iso-
binaphthol respectively exhibit comparable enantiomeric propylidene derivative (S)-D-(5). Optically active 
(-)-
selectivities in complexing (±)-(RS)-c-phenylethyl- 2,2'-dihvdroxy-1,1'-binaphthyl, (S)-(1), [] - 308 ° (c 1.1, 
ammonium hexafluorophosphate under equilibrium con- THF), obtained after resolution of its phosphoric acid den-
diUons. vative with cinchonir,e, 7 was converted (51%) into the 
CHIRAL macrocyclic polyethers derived from (R) - and (S)-
binaphthol,' L-tartaric acid, 2 ' 3 and D-mannitol 2 as singular 
sources of chirality have been shown" 4 to exhibit chiral 
recognition in complexation equilibria towards various 
racemic primary alkylammonium salts. The 'resolution' 
of the binaphthyl unit by incorporating (RS)-binaphthol 5 
and 1,2: 5,6-di-0-isopropylidene-D-mannitol 6 into the syn-
thesis of diastereoisomeric macrocyclic polyethers has now 
been achieved. 
Condehsation of 2,2'-dihydroxy-1, 1'-binaphthyl (RS)-(1) 
with BrCH 3CO,Me in the presence of K 2CO 3 and refluxing 
Me,CO afforded (80%) the diester (RS)-(2), m.p. 133-134 
°C, which was reduced to the diol (RS) - (3),' m.p. 108-
109 °C, with LiA1H4 in THF (85% yield). Reaction of 
equimolar proportions of the diol (RS) - (3) and the bistosylate 
D- (4), 2 m.p. 91-92 °C, [c]D + 12l° (c 07, CHCI 3), with 
NaH in MeSO at 50 °C for 40 h gave two diastereoisomeric 
di-O-isopropylidene derivatives (5) which were separated by 
preparative t.l.c. (Et30) on silica gel and identified as the 
faster moving component (isomer A, [] + 682° (c 051, 
CHCI 3), i- (CDCl) 200-226 and 2'48-300 (4H and 8H, t 
and m, ArH), 561-683 (24H, m, CH. and CH), and 8•61 
and 8•68 (2 x 6H, 2 x S. 4 x Me)) and the slower moving 
component {isomer B, [] - 46 - 6' (c 053, CHCI 3),r (CDCI 3 ) 
196-222 and 242-300 (4H and 8H, t and m, ArH), 
5•62-6'72 (24H, m, CH. and CH), and 8•61 (12H, s, 4 > Me)) 
in 7 and 6% yields, respectively. The diastereoisomers 
were also separated preparatively by high performance 
liquid chromatography (Et30–C6 H 14) on silica gel. 
Me 0—, 
Me ><O -1_H 
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diester (S)-(2), []r - 2810 (c 0•42, CHCI,), which was 
reduced to the diol (S)-(3),' []D + 235° (c 0'98, CHCI,), in 
80% yield. Reaction of equimolar proportions of (S)-(3) 
and D-(4) with NaH and Me 2SO at 50 °C for 40 h gave (13%) 
only isomer B, []D - 430° (c 0- 1, CHCI 3), after preparative 
t.l.c. (Et10) on silica gel. Hence, isomer A is assigned to 
(R)-D-(5) and isomer B to (S)-D-(5). 
Significant changes were observed in the 'H n.m.r. spectra 
of (R)-n-(5) and (S)-o-(5) in CDCI,in the presence of primary 
alkyl ammonium salts indicating that both these diastereo-
isomers are capable of acting as chiral hosts towards suitable 
guest salts. In complexation experiments involving (+)-
(R)-, (-)-(S)-, and (± )-(RS)-c-phenylethylamine [(R)-(6), 
(S)-(6), and (RS)-(6) respectively] salts under equilibrium 
conditions, both hosts. were found to exhibit chiral recogni-
tion, a phenomenon which was demonstrated most con-
vincingly by the noise-decoupled 13C n.m.r. spectra of 
(R)-D-(5)-(RS)-(6) .HPF6 and (S)-D-(5)-(RS)-(6) .HPF6 in 
CDCI,. The quaternary phenyl carbons in the diastereoiso-
meric complexes between (R)-D-(5) and (RS)-(6).HPF 6 are  
28 
the only carbons in the guest salts which are sufficiently 
influenced by their chiral environment to exhibit different 
chemical shifts [(CDCl,) 137•48 for (R)-(6).HPF4 and 13705 
for (S)-(6).HPF 5]. Comparison of the relative peak areas 
associated with the two signals gives an (R): (S) ratio of 
62: 38.t In the diastereoisomeric complexes between 
(S)-D.(5) and (RS)-(6).HPF 6  the methyl carbons [(CDCl,) 
20'08 for (R)-(6).HPF 4 and 20'69 for (S)-(6).HPF 6] as well 
as the quaternary phenyl carbons [(CDC1 3) 13669 for 
(R)-(6).HPF 6 and 13681 for (S)-(6).HPF 6 ] show chemical 
shift nonequivalences. Comparison of the relative peak 
areas for the methyl carbons gives an (R) : (S) ratio of 
63:374 
The macrocycle (R)-D-(5) has two homotopic faces. The 
macrocycle (S)-n-(5) also has two homotopic faces which 
are necessarily diastereotopic to those of (R)-D-(5). Their 
comparable selectivities towards (RS)-(6).HPF 6 are there-
fore unexpected. 
(Received, 9th February 1976; Corn. 136.) 
t By comparison with results obtained from 'H n.m.r. spectroscopy it was established previously' that noise-decoupled 13C n.m.r. 
spectra of complexes can be treated in a quantitative fashion. In the case of (R)-()-(5)—(RS)-(6).HPF 6 and (S)-(D)-(5)—(RS)-
(6).HPF 6 the guest signals were obscured by host signals in their 'H n.m.r. spectra. 
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Chiral Crowns Incorporating Pyridyl Units and Tertiary Amine Functions 
By DALE A. LAIDLER and J. FRASER STODDART ° 
(Department of Chemistry, The University, Sheffield S3 7HF) 
Summary The chiral hosts DD-(1) and DD-(7) have been 
synthesised and the temperature dependence of the 'H 
n.m.r. spectrum of the 1 1 complex between DD-(1) and 
benzylammonium thiocyanate in solution has been 
interpreted in terms of slow dissociation of the complex. 
CHIRAL macrocyclic polyethers derived from (R)- and (S)-
hinaphthol," L-tartaric acid, 3 ' 4 and u-mannito13 as sources 
of chirality have been shown (i) to complex with primary 
alkyl ammonium salts' -7 and (ii) to exhibit chiral recogni-
tion when the salt is racemic."' Incorporation into 
achiral macrocycles of nitrogen atoms in the form of either 
pyridyl units6 ' 7 or tertiary amine functions 6 can lead to 
increased stabilities for the complexes formed with RNH 3 
cations partly as a result of stronger hydrogen bond forma-
tion involving the nitrogen atoms in the macrocycles. We 
now report on the kinetic and thermodynamic consequences 
for complexation of introducing nitrogen atoms into chiral 
macrocycles. 
DD-0) 
Me 	O. 	(''X 
H D-(2)XOTS 
MX 	o D-(3)X:N3 
D'-(L)X1+42 






H 	 1H 
Me.. 0 '4-o ,Me 
MeX0 H 
	 H L0>Me 
DO - (S) X:NCO 2Et 
DD-(7) X:NMe 
OO-(8) X:0 
Condensation of 1,2: 5,6-di-0-isopropylidene-n-mannitol 9 
with 2,6-bis(bromomethyl)pyridine'° in Me,SO at 50 °C for 
60 h with NaH as base gave (7.5%) the dipyridyl-18- 
crown-6 derivative 1313-(1), M.P. 147-149 °C, [tX]— 22° 
(c 0.55, CHCI,). Chirality and two tertiary amine functions 
were introduced diametrically into the 18-crown-6 con-
stitution by utilising the previously reported 2 " 1,2: 5,6-di-
O-isopropylidene-3.4-di-O-(2-toluene-p-sulphonyloxyethyl) - 
D-mannitOl D-(2) as starting material. Azide displacement 
of the tosyloxy groups in n-(2) proceeded smoothly with 
NaN3 in Me,NCHO at 110 °C for 2 h to give the bisazide 
as an oil, []D + 208° (c 10, CHC1,). in 86% yield 
after chromatography (Et,O) on silica. Hydrogenolysis 
(Pt-C) of D-(3) in Et,O afforded (90%) the non-crystalline 
diamine u-(4), which on reaction at 0 °C for 3 h with 
CICO,Et and NaOH in H 2O-Et,O gave the bisurethane 
D-(5), []D ± 680 (c 031, CHCI,) as an oil in 75% yield. 
Condensation of n-(5) with the bistosylate D-(2) in Me,SO 
at 50 °C for 15 h afforded (33%) the bisurethane Du-(6), 
- 119° (c 0.57, CHCI,), which was reduced with 
LiAIH4 in Et,O (86%) to the NN-dimethyl-diaza-18-
crown-6 derivative DD-(7), M.P. 106-108 °C, {]n ± 388° 
(c 202, MeOH), 'H n.m.r. spectrum (CDC1 3): r 555-659 
and 7'12-765 (32H, m, CH, and CH protons), 7•75 (OH, s, 








20 	30 	/ 60 	60 	 90 
FIGURE. The 'H n.m.r. spectra of host DD-(1) (a) in CD,C1 2 at 
ambient temperature, and in CD,CI, with 1 equiv. of PhCH,NH,-
SCN -  added at (b) ambient temperature and at (c) -60 °C. 
The letters G and H indicate the guest and host signals respect-
ively in (b). 
Dynamic 'H n.m.r. spectroscopy is a valuable technique 
for investigating the kinetics of complexation of hosts with 
metal" and RNH,+ 8,12  guest salts. We have examined the 
temperature dependences of the. 'H n.m.r. spectra of the 
1: 1 complexes formed between nn-(1), ,)ri-(7), and 1)1-(8) 3 .' 
and PhCH,NH,SCN in CD2Cl 2 . In the case of the all-
oxygen host nn-(8), complexation-decomplexatioii is fast 
on the 'H n.m.r. time scale even at -70 cC. However, the 
hosts DD-(1) and DD-(7) form complexes which show 
considerable temperature dependences in their 'H n.m.r. 
spectra which are not evident in the spectra of the pure 
hosts. The Figure summarises our results for ui'-(l.). The 
spectrum of pure Do-(1) shows (Figure, a) an A13 2 system 
with JAE = 77 Hz at r 2•51 and 294 for the pyridyl protons, 
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an AB system with JAB = 13-0 Hz atr5'll and 5'31 for the 
pyridyl CH, protons, a series of multiplets between T 5'62 
and 6'48 for the other CH, and CH protons, and two singlets 
at r 8-64 and 870 for the Me protons. Addition of I equiv. 
of PhCH3NH3 SCN- causes significant changes in the 
chemical shifts of the signals observed for the host and 
gives rise to supplementary peaks in the aromatic region 
between 'r 2.69 and 3-20 for the phenyl protons of the guest 
and an AB system with JAB = 13 Hz at r 624 and 6'54 for 
the benzylic CH, protons of the guest (see Figure, b). On 
decreasing the probe temperature, all signals are found to 
broaden considerably below 0 °C before becoming slightly 
better resolved again at —60 °C (see Figure, c). In 
particular, the signals for the Me protons of the isopropyli-
dene groups appear as three singlets at i - 8'58, 868, and 8-82 
in the approximate ratio of 1: 2: 1 and coalesce at —35 °C 
to give the two signals observed at higher temperatures. 
We associate these spectral characteristics with slow 
dissociation of the complex rendering the isopropylidene 
groups on one side of the host diastereotopic in relation to 
those on the other side in a face-to-face complex. Pro-
vided the breaking and making of individual hydrogen 
bonds between the host and guest within the complex is 
still fast on the 'H n.m.r. time scale, isopropylidene groups 
on the same face of the host will remain hornotopic. Even 
if reorganisation of hydrogen bonds is slow on the 'H n.m.r. 
time scale isochronous behaviour of the diastereotopic iso-
propylidene groups on each face could be observed. Either 
way, four singlets should be observed for the Me protons of 
the isopropylidene groups under conditions of slow complex 
080 
dissociation. On the assumption that the middle two 
singlets overlap, we have calculated rate constants, k c of 22 
and 32 s', at the coalescence temperature (T —35 °C) for 
peak separations of 100 and 14-5 Hz respectively (see 
Figure, c) from the approximate expression k c = 
7r(VA—vn)/-\/2 for two-site exchange between groups of 
diastereotopic Me protons resonating at VA and v. 
The derived free energy of activation for dissociation (/G) 
of the complex is Ca. 122 kcal mol'. 
Stability constants defined as equilibrium constants 
(K a in 1 mol') for the equilibrium (1) were measured by an 
K a  
RNH,SCN- + Host ea RNH,'HostSCN 	(1) 
'H n.m.r. spectroscopic method 6 in CDCI 3 . Values of K 5 
for DD-(1) (ButNH,t 2-3 x 102; PhCH,NH,, > 2-Ox 10 1 ) 
and DD-(7) (ButNH,+, 94 x 10 2 ) indicate that these 
diaza-crowns form much stronger complexes than the all-
oxygen-crown DD-(8) (ButNH,+, <30; PhCH 2NH 3 , 2'1 
x 10 5). Comparison of the derived free energy difference 
of c. 99 kcal mol' for complex formation between host 
DD-(1) and guest PhCH 2NH,SCN- with the AGd1 value of 
Ca. 12-2 kcal mol' suggests that the free energy of associa-
tion (G) of the guest with the host is small (Ca. 23 kcal 
mol'). This means that the association rate constant is 
Ca. 1010 I mol' s' which is characteristic of a diffusion-
controlled process and compatible with face-to-face 
complexation. 
(Received, 24th August, 1976; Corn. 977.) 
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lactam (1)1 3 1: 
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(I), R = H 
(2), R = Cl! 3 
R 	CFI2 -C 6 11 5 
The 'H-NMR spectrum of (2) in CDCI 3/CS 2 (1: 1) at 
+20 °C exhibited singlets at z=2.90 and 6.85 for the olefinic 
and N-methyl protons, respectively. No change occurred in 





(4). C 2 -P confot'atio 
C2 - A xis 
(5), C 2 -H eonforat \ 
Conformational Studies on Twelve-Membered Hetero-
cycles. Crystal Structure of 5,1 8-Dimethyl-5, I 8-diaza-
tribenzo[a,e,i]cyclododecene-6, I 7(5H, 1 8H)-dione 
By W David 011s, Julia Step/tanic/ou Stepl:analou, J. Fraser 
Swddart, Andrew Quick, Donald Rogers, and David J. Wi!- 
!ian,s ° ' 
The synthesis and conformational behavior of the N,N',N"-
l r i me thy lU tand N,N',N"-tribenzyl 12 ' derivatives of trianthrani- 
lide have been described recently. We now discuss the confor- 
1°lProiDr. W. D. 011is []. Dr. .1. F. Stoddart. and Mrs. J. S. Stephanatou 
Department of Chemistry. The University 
Sheffield S3 71W (England) 
Prof. Dr. D. Rogers. Dr. A. Quick, and D. J. Williams ['J 
Chemical Crystallography Laboratory. Imperial College 
London SV7 2AY (England) 
[°J Authors to whom correspondence should he addressed. 
There are three possible non-planar chiral conformations 
[(4), (5), and (6)] to consider for (2) which retain two 
trans-amide linkages and the trans-olcfinic bond {C(l I)—
C(12)]. The C 2 -propeller conformation (4) has an approxima-
tely parallel alignment of the trans-olefinic bond with ring A. 
In contrast, in the C 2 -helix conformation (5), the trans-ole-
linic bond is approximately orthogonal to ring A. The intercon-
version between the C 2 —P (4), C 2 —H (5), and C 1 —H (6) 
conformations and their enantiomers (C 2 —P, C 2 _H*, and 
C t _H*) is described by the conformational itinerary given 
in Figure I which includes two pairs of degenerate C 1 -helical 
conformations (6) labeled (C t —HI and C 1 —l-2) and 
(C 1 __Hl* and C 1 _H2*) . 
These considerations and the 'H-NMR spectroscopic evi-
dence show that (2) exists in solution as either (i) inverting 
C2 —P (4), (ii) inverting C2—Fl (5), (iii) rapidly interconvert-
ingC2 —P (4) and C 2 —H (5). or(iv) rapidly inverting C L —HI 
or C 1 -1­12 (6) conformations. Possibilities (iii) and (iv) 
necessitate rapid re-orientation of the trans-olefinic bond at 
.lsiqt'it. Client. In,. Ed. Lnq!. , In!. 15 (1976)    Ni. 12 	
. 	 757 
C1-H2 	 A 	 C2 H* 
C2_P' 	 I Ci - Hi 
C1 -Hl 	 - 	> 
C2-'H < 	 >C1H2* 
Fig. I. Conformational chances in derivatives oI(1). ® rrans-Amide bond 
re-orientation. © zrini.s-UIcIinie bond re-orientation. 
-80 ° C: such a process is expected to be slow on the '14-N MR 
time scale. However, even if (iii) or (iv) are excluded on the 
basis of essentially negative evidence, then a decision betveen 
(i)and (ii) is still not possible oil the basis of' H-NMR spectros-
copy alone. An X-ray crystallographic investigation was there-
fore undertaken to determine the solid state conformation 
of the bislactam (2). 
(2) crystallizes from methanol as well-formed parallelo-
pipeds. They are orthorhombic Pna2 1 . a=tO.708, b=28.233, 
c=6.197A, Z=4 (2 right-handed. 2 left-handed). Intensities 
of 1993 reflections were measured on a Siemens diffractometer 
With CUK a  radiation (0<71°) and, of these. 18 were reckoned 
unobserved. The structure was solved by direct methods and 
refined to a current R value of 0.053 showing (Fig. 2) that 
the molecule adopts a distorted C 2 -P conformation (4). 
ba 
6a 
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Fig. 2. Torsional angles [J and some interatomic distances [A] in the 2-
- membered ring of the A'.N-dimethvt bistactam (2). 
The angles between the rings A, B, and C are 35° (A and B), 
33° (A and C), and 13° (B and Q. The torsional angles (see 
Fig. 2) show that the planes of the two NMe-CO groups 
lie roughly perpendicular to the aromatic rings with their 
N-methyl groups on opposite sides of the twelve-membered 
ring. The olelinic carbon. C( II), protrudes into the twelve-mem-
bered ring so as to be nearly equidistant from N(S) and N(18) 
(3.16 and 3.24A, respectively) aild only 2.97A from C(17). 
This distortion of the C2-propeller conformation (4) destroys 
the molecular C 2 -axis and is undoubtedly due to the conjuga-
tional demands satisfied by an approach towards a planar 
stilbenoid grouping in the molecule. The bond angles [129° 
at C( II) and 126° at C(12)] are very similar to the average 
of 126.2° found in the recently redetermined structure of Irwis-
stilbenet 4 t. The remainder of the molecule constitutes an asym-
metric arrangement around the trans-olefinic bond giving tor-
sional angles of 32° and 17° along the C(10a)-C(1 I) and 
Cli 2)-C( I 2a) bonds, respectively. 
The 'H-NMR spectrum of(3) in CDCI 3 at ±20 ° C exhibits 
an AR system (TA = 5.30. r, = 5.47. 'AB =  14.8 Hz) for the N-ben-
zylic methylene protons. When the temperature-dependence 
was examined in CD 3 SOC13 3 , the AB system coalesced to 
give a singlet at + 134°C. The rate constant of 94.5s - ' , calcu-
lated at the coalescence temperaturet 5 t, corresponds to a AG 
of 20.4 kcal/mol for ring inversion. This is most likely to 
involve C 2_PC2 _P* inversion, assuming that the com-
pounds (2) and (3) are both associated with a preference 
for the propeller-type conformation (4). 
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The trans,anti,trans- and trans,syn, trans- Isomers of Dicyclohexyl-1 8-
crown-6 and their Complexes 
By Ian J. Burden, Andrew C. Coxon, J. Fraser Stoddart. and Cohn M. Wheatley, Department of Chemistry, 
The University, Sheffield S3 7HF 
The stereospecific synthesis of the trans.ant/.trans- ( 2a) and (rans.syn.trans- (2b) isomers of dicyclohexyl- 1 8-crown-
6(2) from the diastereoisomeric (*)- (6a) and mesa- (6b) 2.2'-methylenedioxydicyclohexanols has been achieved. 
A one-step synthesis of the di-trans-isomers (2a and b) from (±)-cyclohexane- trans- 1.2-cjiol (3) is accompanied 
by the formation of some trans-cyclohexyl-9-crown- 3 (10). trans,syn.trans- Dicyclohexyl-1 8-crown- 6 (2b) forms 
crystalline complexes with alkali metal, ammonium, and primary alkylammonium salts. In methanolic solutions, 
the stability constants for the complexes with sodium, potassium, and caesium chlorides are greater for the c/s .anti.-
cis- (2c) and cis.syn.c/s- (2d) isomers than they are for either of the di-trans-isomers (2a and b). Also, within each 
pair of isomers, the syn-isomers (2b and d) form stronger complexes than the ant/-isomers (2a and c). All four 
isomers exhibit selectivity for binding potassium ions. 
MACROCYCLIC polyethers ' have attracted considerable 
attention because of their ability to form reasonably 
stable complexes with many metal, ammoni'im, and 
primary alkylammonium cations. Consequently, they 
serve as model compounds for investigating ion trans-
port phenomena in biological systems,'° as reagent 
modifiers in synthetic organic chemistry," and as 
enzyme analogues for chiral recognition of racemic 
primary alkylammonium salts. 8' 9"2' 13 Of the many so-
called 1-3  crown compounds which are known, dibenzo-
18-crown-6 (1) 1,14 and dicyclohexyl-18-crown-6 t (2) 1.14 
are amongst the most widely investigated to date. 
There are five possible configurational diastereoisomers 
(2a---e) of dicyclohexyl-18-crown-6 (2) (Figure). Cata-
lytic hydrogenation 1,3,14  of dibenzo-18-crown-6 (1), 
followed by column chromatography of the product on 
alumina, 34-17  yielded two of these isomers as crystalline 
t I.U.P.A.C. names for structures (1) and (2) are 6,7,9,10,17,18, 
20,21 -octahydrodi ben zo[b,k] [1,4,7,10,13,16] hexaoxacyclo-
octadecin and 2.5,8,15,18,2 1-hexaoxatricyclo[20.4.0.0 3 ' 14]hexa-
cosane, respectively. 
1  C. J. Pedersen,  J. Amer. Chem. Soc., 1967, 89, 2495, 7017. 
M. R. Truter and C. J. Pedersen, Endeavour, 1971, 80, 142. 
J. Pedersen and H. K. Frensdorff, A ngew. Chem. Internat. 
Edn., 1972, 11, 16. 
' J.-M. Lehn, Structure and Bonding, 1973, 16, 1. 
M. R. Truter. Structure and Bonding, 1973, 16, 71. 
R. M. Izatt, D. J. Eatough, and J. J. Christensen, Structure 
and Bonding, 1973, 16, 161. 
J. J. Christensen, D. J. Eatough, and R. M. rzatt, Chem. Rev., 
1974, 74. 351. 
J. Cram and J. M. Cram, Science, 1974, 183, 803. 
D. J. Cram, R. C. Helgeson, L. R. Sousa, J. M. Timko, M. 
Newcomb, P. Moreau, F. de Jong, G. W. Gokel, D. H. Hoffman, 
L. A. Domeier, S. C. Peacock, K. Madan, and L. Kaplan, Pure 
Appi. Chem., 1975, 48, 327. 
20  B. C. Pressman, Fed. Proc. Fed. Amer. Soc. Exp. Biol., 1968, 
27,1283; W. Simon, W. E. Morf, and P. Ch. Maier, Structure and 
Bonding, 1973, 16, 113.  
compounds. These have been designated 1417 as Isomer- 
A (rn.p. 61-62.5 0) and Isomer-13 (m.p. 69-70 0). 
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Isomer-B exists 16,17  in a second form, B', with m.p. 
83-84°: Recently, a ready separation of Isomers-A 
and -B' has been reported 18  which takes advantage of 
11 G. W. Gokel and H. D. Durst, Aidrichimica Acta. 1976, 9, 3; 
Synthesis, 1976, 168. 
12  S. C. Peacock and D. J. Cram, J.C.S. Chem. Comm., 1976, 
282, and earlier communications in the series. 
W. D. Curtis, D. A. Laidler, J. F. Stoddart, and G. H. Jones, 
J.C.S. Chem. Comm., 1975, 833; W. D. Curtis, D. A. Laidler, 
J. F. Stoddart, and G. H. Jones, ibid., p. 835; W. D. Curtis, R. M. 
King, J. F. Stoddart, and G. H. Jones, ibid., 1976, 284. 
' C. J. Pedersen, Org. Synth., 1972, 52, 66. 
12 H. K. Frensdorff, J. Amer. Chem. Soc., 1971, 93, 600. 
16 R. M. Izatt, D. P. Nelson, J. H. Rytting, B. L. Haymore, 
and J. J. Christensen,  J. Amer. Che?4. Soc., 1971, 93, 1619. 
17 H. K. Frensdorff, J. Amer. Chem. Sos., 1971, 93, 4684. 
28 R. M. Izatt, B. L. Hamore, J. S. Bradshaw, and J. J. 




the large differences in solubility in water between the 
lead and oxonium perchiorate complexes of the two 
isomers. Forms Band B' are identical 17  in solution4 
1 	 H r\ r- 
:::r aoO 
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The five possible configurational diastereoisomers of d: -,vclohexyl-
18-crown-6 (2): (2a) with D 2 symmetry, (2b) and (2c) each 
With C2,, symmetry. (2d) with C 2 symmetry, and (2e) with C 1 
symmetry 
Initially, it was claimed 19  on the basis of their 'H 
n.m.r. spectra that the ring junctions in Isomers-A and 
B (B') were trans [i.e. the two isomers could be assigned 
structures (2a and b)]. This claim appeared to gain 
support from a suggestion, 211  which was subsequently 
revised 21  (see below), that the X-ray structural in-
vestigation of Isomer-B as its sodium bromide di-
hydrate complex indicated that Isomer-B had a' centro-
symmetric trans conformation.' By contrast, "C n.m.r. 
spectroscopy indicated 22,23 that the ring junctions in 
both isomers were cis [i.e. the two isomers could be 
assigned structures (2c and d)]. The combined n.m.r. 
spectroscopic evidence 19,22.24  excluded the possibility 
that either Isomer-A or -B (B') was the trans,cis-isomer 
(2e). Eventually, an X-ray crystal structure analysis 
Although Isomer-B and Isomer-B' are generally believed 17,18 
to be polymorphs the possibility does exist that they arc con-
formational isomers differing in the relative conformations of the 
cyclohexane rings fused to the 18-crown-6 rings. This problem 
could be solved if the crystal structures of both B and B' were 
available for comparison. It is known 20  that Isomer-B' [the 
cis.anli,cis-isomer (2c)] is centrosymmctric in the crystal with 
0(2) and 0(15) axial and 0(8) and 0(21) equatorial. It is 
possible that 0(2) and 0(8) are axial, and 0(15) and 0(21) 
equatorial, in Isomer-B. 
19 E. G. Brame, unpublished work quoted in refs. 3. 15, and 17. 
20 Al. R. Truter, personal communication to C. J. Pedersen 
quoted in ref. 3. 
21 D. E. Fenton, Al. Mercer, and Al. R. Truter, Biochem. 
Bioplmys. Res. Comm.. 1972, 48, 10; M. Mercer and M. R. Truter, 
J.C.S. Dalton, 1973, 2215.  
of the barium thiocyanate complex of Isomer-A indi-
cated 23 that it was the cis,syn,cis-isomer (2d). Also, 
when detailed information on the X-ray crystal structure 
of the sodium bromide dihydrate complex of Isomer-B 
became available, 2' it transpired that it was the cis-
isomer (2c), which has the cis,anti,cis-configuration. 
Much more recently, X-ray crystallographic data on the 
uncomplexed ligands have confirmed 25 that Isomer-A is 
the cis,sys,cis-isomer (2d) and that Isomer-B' is also the 
cis,anti,cis-isomer (2c).++  
Initially the present investigation had two main 
objectives: (i) to resolve the confusion concerning the 
disparate configurational assignments to Isomers-A, -B, 
and -B' of dicyclohexyl-18-crown-6 (2), and (ii) to prepare 
the way for the synthesis of chiral 18-crown-6 derivatives 
from (+)- and (—)-cyclohexane-lrans-1,2-diols. In the 
event, this second objective has been realised by in-
corporâting L-tartaric acid 13,26  and D-mannitol 13  into 
the 18-crown-6 constitution. 
The stereospecific synthesis of the trans,anti,trans-
(2a) and tran.s,syn;trans- (2b) isomers of dicyclohexyl-
18-crown-6 has been the subject of a preliminary 
communication. 27 
EXPERIMENTAL 
M.p.s were determined with a Reichert hot-stage 
apparatus. Microanalyses were carried out by the Uni-
versity of Sheffield microanalytical service. T.l.c. was 
carried out on glass plates (20 x 5 cm) coated with either 
Merck silica gel G or Merck aluminium oxide G (type 60/E). 
Developed plates were air-dried and either exposed to 
iodine vapour or sprayed with a .cerium(Iv) sulphate–
sulphuric acid reagent, and heated at about 110 °C. Hopkin 
and Williams silica gel (M.F.C. grade) and Laporte (type H) 
alumina were used as chromatographic media for column 
separations. Low resolution mass spectra were determined 
with an A.E.I. MS12 spectrometer. I.r. spectra were 
recorded for Nujol mulls with a Perkin-Elmer 137 sodium 
chloride spectrophotometer, calibrated with reference to 
polystyrene (1 603 cm). 'H N.m.r. spectra were recorded 
with a Varian HA 100 spectrometer (tetramethylsilane as 
lock' and internal standard). 
rel-( lR,2R)-2-Hydroxycyclohexyl Acetate ( 4) .-( ± )-Cyclo-
hexane-trans-i,2-diol (3) (50 g) was acetylated with acetic 
anhydride (17.5 ml) in dry pyridine (125 ml) to give a crude 
product shown by t.l.c. to contain some diacetate and diol 
in addition to the required monoacetate. 28 Column 
chromatography, on alumina [ether–methanol (93: 7) as 
eluant] yielded an oil, characterised as the monoacetate 
(4) (18 g, 26%), 'r (CDCI 3) 5.26-5.56 (1 H, m, H-i), 6.3O- 
22 D. Grant, personal communication to N. K. Dailey et at., 
quoted in ref. 23. 
23 N. K. Dailey, D. E. Smith, R. Al. Izatt, and J. J. Christensen, 
J .C.S. Chem. Comm., 1972, 90. 
24 E. W. Randall and E. D. Rosenberg, 1971, personal com-
munication to M. Mercer and M. R. Truter quoted in ref. 21. 
25 N. K. Dailey, J. S. Smith, S. B. Larson, J. J. Christensen, 
and R. M. Izatt, J.C.S. Chem. Comm., 1975, 43; N. K. DaIley, 
J. S. Smith, S. B. Larson, K. L. Matheson, J. J. Christensen, and 
R. M. Izatt, ibid., p.  84. 
26 J.-M. Girodeau, J.-7t1. Lehn, and J.-P. Sauvage, Angew. 
Chem. Internat. Edn., 1975, 14, 764. 
27  J F. Stoddart and C. M. Wheatley, J.C.S. Chem. Comm., 
1974, 390. 
28 N. A. B. Wilson and J. Read,  J. Chem. Soc., 1935, 1269. 
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6.60 (1 H, m, H-2), 7.62br (1 H. s, OH), 7.94 (3 H, s, Ac), 
and 7.80-8.90 (8 H, m, CH 2). 
rel-( 1R, 1 'R, 2R, 2'R) -2, 2'-Methylenedioxydicyclohexanol 
(6a) and rel-( 1,1'S, 2R, 2'S)-2, 2'-Methylenedioxydicyclo-
hexanol (6b) .—The monoacetate (4) (11 g) was dissolved in 
dry dimethyl sulphoxide (165 ml) and freshly recrystallised 
N-bromosuccinimide (28 g) was added . 29 The mixture was 
stirred at 50 °C for 26 h. After neutralising with sodium 
hydrogen carbonate solution, the mixture was extracted 
with ether (3 x 300 ml). The extracts were washed with 
water (300 ml), dried (MgSO 4), and evaporated under 
reduced pressure to afford an orange-coloured oil (9.4 g). 
This product was dissolved in methanol (200 ml) and sodium 
(600 mg) was added. Deacetylation was followed by t.l.c. 
and the methanol was removed under reduced pressure 
when the reaction was complete (24 h). Sodium carbonate 
(2 g) in water (50 ml) was added to the residue and the 
aqueous solution was steam-distilled for 1 h to remove 
volatile products. Chloroform extraction of the aqueous 
residue afforded a crude product which was shown to 
contain two major components, RF 0.4 and 0.5 on t.l.c. on 
silica gel with ether as eluant. Column chromatography 
on silica gel (ether as eluant) afforded two crystalline 
compounds. Recrystallisation of the faster moving com-
ponent from light petroleum (b.p. 60-80 °C) afforded 
prisms of neso-2,2'-methylenedioxydicyclohexanol (6b) 
(735 mg), m.p. 80-82° (lit.,°'' 81-82° for isomer-B), 
'r (CDCI 3) 4.97 and 5.20 (2 H, AB system, JAB  6.9 Hz, 
O'CH2 'O), 6.30br (2 H, s, 2 x OH), 6.40-6.90 (4 H, m, 
H-i, -2, -1', and -2'), and 7.80-9.00 (16 H, m, other CH 2). 
Recrystallisation of the slower moving component from 
light petroleum (b.p. 60-80 °C) afforded needles of (±)-
2,2'-methylenedioxydicyclohexanol (6a) (1.0 g), m.p. 102.5-
103.5° (lit.,°'' 104-105° for isomer-A), 'r (CDCI 3 ) 5.18 
(2 H, s, OCH2 'O), 5.99br (2 H, s, 2 x OH), 6.41-6.81 
(4 H, m, H-i, -2, -1', and -2'), and 7.80-9.00 (16 H, m, 
other CH,). 
2,2'-Oxybis(elhyl tosylate) (9) .—Diethylene glycol (9.4 g) 
was dissolved in dry pyridine (80 ml) and solid toluene-p-
suiphonyl chloride (38.5 g) was added in portions during 
2 h to the stirred solution cooled in an ice-bath. Stirring 
was continued for a further 4 h at Ca. 0 °C. The mixture 
was then left overnight at room temperature, poured on to 
ice (100 g), and diluted by addition of water (50 ml). The 
precipitate was filtered off and washed with ice-cold water 
(160 ml). Recrystallisation from ethanol (200 ml) afforded 
the pure ditosylate (9) (26.9 g, 65%), m.p. 85.5-87.0° 
(lit.,32 98°) (Found: C, 52.3; H, 5.6; S, 15.2%; M, 414. 
Caic. for C 18H220 7 S2 : C, 52.2; H, 5.35; 5, 15.5%; M, 
414), 'r (CDCI 3) 2.16-2.80 (8 H, AA'BB' system, aromatic), 
5.86-6.52 (8 H, AA'BB' system, CH 2), and 7.59 (6 H, s, 
2 x Me). 
rel-( 1R, 5R, bR, I 8R)-2,4, 11,14,1 7-Pentaoxatricyclo-
[16.4.0.0' 10jdocosane (7a .—The (±) -modification (6a) (1.22 
g) was dissolved in 1,2-dimethoxyethane (30 ml) and di-
methyl suiphoxide (10 ml), and sodium hydride (500 mg) 
was added. The ditosylate (9) (2.28 g) was added and the 
mixture was heated at 50-55 °C with stirring. After 24 h 
t.l.c. on silica gel [ethyl acetate-light petroleum (b.p. 
60-80°) (1:1) as eluant] indicated that although all the 
ditosylate had been consumed some of the diol remained. 
° S. Hannessian, G. Yang-Chung, P. Lavallee, and A. G. 
Pernet, J. Amer. Chem. Soc., 1972, 94, 8929; S. Hannessian, P. 
Lavailee, and A. G. Pernet. Carbohydrate Res., 1973, 26, 258. ° F. S. H. Head, J. Chem. Soc., 1980, 1778. 
Consequently, more ditosylate (1.14 g) was added, and 
heating and stirring were continued. After a further 
24 h, t.1.c. indicated that the reaction was complete. The 
excess of sodium hydride was destroyed by careful addition 
of water. The mixture was then poured into water (100 ml) 
and extracted with ether (4 x 50 ml). The combined 
extracts were dried (MgSO 3 ) and evaporated to leave a 
crude oil. Column chromatography on silica gel (ether as 
eluant) gave the (±)-cyclic  acetal (7a) as an oil (899 mg, 
57%) (Found: C, 65.0; H, 9.6%; M, 314. C 17H3005 
requires C, 64.9; H, 9.6%, M, 314), 'r (CDC1 3 ) 5.23 (2 H, s, 
O'CH2 'O), 6.08-6.66 (12 H, m, CH and other O'CH 2), 
and 7.80-8.90 (16 H, m, other CH 2). 
rel-( 1 R, 5S, 1 OS, 1 8R)-2,4, 11,14,1 7-Pentaoxatricyclo-
[6.4.O.O' 10]docosane (7b) .—The oneso-isomer (6b) (1.04 g) 
was dissolved in 1,2-dimethoxyethane (30 ml) and di-
methyl sulphoxide (10 ml), and sodium hydride (400 mg) 
was added. By the procedure already described for the 
(±) -modification (6a), reaction with the ditosylate (9) (1.94 
g + 0.97 g) gave a product which crystallised after chro-
matography on silica gel. Recrystallisation from ether-
light petroleum (b.p. 60-80 °C) afforded prisms of the 
rneso-cyclic acetal (7b) (275 mg, 21%), m.p. 62-63° (Found: 
C, 65.1; H, 9.6%; M, 314. C 17 H.30O5 requires C, 64.9; H, 
9.6%; M, 314), 'r (CDC1 3) 4.99 and 5.13 (2 H, AB system, 
JAB 4.0 Hz, O'CH 2 O), 6.06-6.96 (12 H, m, CH and other 
O'CH2), and 7.90-9.00 (16 H, m, other CH,). 
rel-( 1 R, 1 'R,2R, 2'R)-2, 2'-iOxybis(elhy!eneoxy)]dicyclo-
Izexanol (8a).—The (±)-cyclic  acetal (7a) (861 mg) was 
refluxed in N-sulphuric acid (40 ml) and acetone (10 ml) for 
30 mm. On cooling, the aquuous mixture was extracted 
with chloroform (3 x 25 ml). Evaporation of the com-
bined extracts afforded an oily product which was homo-
geneous by t.J.c. on silica gel (ether as eluarit) and was 
characterised as the (±) -modification (8a) (835 mg, 99%), 
M 302, r (CDCI 3) 5.40br (2 H, s, 2 x OH), 6.00-7.20 
(12 H, m, CH and O'CH 2), and 7.80-9.10 (16 H, m, other 
CH,). 
rel-( I R, 1'S, 2R, 2'S) -2, 2'-[Oxybis(eThyleneoxy)]dicyclo-
hexanol (8b).—Acid-catalysed hydrolysis of the nzeso-cyclic 
acetal (7b) (225 mg) by the procedure described above 
afforded an oily product which was characterised as the 
meso-isomer (8b) (210 mg, 97%), IlP 302, (CDCI 3) 4.98br 
(2 H, s, 2 x OH), 5.90-7.10 (12 H, in, CH and O'CH 2), 
and 7.80-9.00 (16 H, m, other CH.). 
rel-( 1R, 9R, 14R,22R)-2,5,8, 15,18,2 1-Hexaoxatricyclo-
[20.4.O.0 9"4]hexacosane (2a).—The (±)-diol  (8a) (822 mg) 
was dissolved in 1,2-dimethoxvethane (30 nil) and dimethyl 
sulphoxide (10 ml), and sodium hydride (400 mg) and the 
ditosylate (9) (1.30 g) were added. The mixture was 
stirred at 50-55 °C. After 16 h, t.l.c. on silica gel (ether 
as eluant) indicated that reaction was complete. Water 
(150 ml) was added to destroy the excess of sodium hydride 
and the aqueous solution was extracted with ether (3 x 50 
ml). Evaporation of the combined extracts afforded an 
oil which was extracted with hexane to give a crystalline 
product. T.1.c. indicated that this material was impure, 
so it was subjected to column chromatography on silica 
gel to give needles of trans,anti,trans-dicyclohexyl-18- 
crown-6 (2a) (251 mg, 25%), m.p. 77-80° (Found: C, 
64.1; H, 9.6%; M, 372. C20H3606 requires C, 64.5; H, 
31 T. B. Grindley, J. F. Stoddart, and W. A. Szarek, J. Amer. 
Chem. Soc., 1969, 91, 4722. 





9.75%; M, 372), ' (CDCI3 ) 5.84-6.44 (16 H, m, OCH 2), 
6.70-6.95 (4 H, m, H- 1, -9, -14, and -22), and 7.80-9.00 
(16 H, m, other CH 2). 
rel-( 1R, 9S, 145,22R)-2,5,8, 15,18,21-H exaoxatricyclo-
[20.4.0.O0 '4]hexacosxne (2b) .—The meso-diol (8b) (200 mg) 
was dissolved in 1,2-dimethoxyethane (15 ml) and di-
methyl sulphoxide (5 ml), and sodium hydride (200 mg) and 
the ditosylate (9) (350 mg) were added. The above 
procedure for the reaction of the (±)-diol  (8a) with 
the ditosylate (9) resulted in isolation of prisms of 
trans,syn,trans-dicyclohexyl-18-crown-6 (2b) (74 mg, 30%), 
m.p. 120-121 1 (from methanol) (Found: C, 64.6; H, 
9.8%; M, 372. C20H3606 requires C, 64.5; H, 9.75%; 
M, 372), r (CDCI 3) 6.10-6.41 (16 H, m, OCH 2), 6.66-6.93 
(4H, in, H-i, -9, -14, and -22), and 7.80-9.00 (16 H, m, 
other CH,). 
Reaction of (±) -Cyclohexane -trans-1 , 2-diol (3) with the 
Ditosylate (9).—The diol (3) (21.05 g) and the ditosylate 
(9) (80.10 g) were added to a suspension of sodium hydride 
(9.0 g) in dimethyl suiphoxide (450 ml), and the mixture was 
stirred at 45 °C for 72 h. Water (450 ml) was then 
cautiously added to the cooled mixture, after which it was 
extracted with chloroform (3 x 200 ml). The combined 
extracts were washed with water (3 x 200 ml), dried 
(MgSO4), filtered, and evaporated under reduced pressure 
to leave a heterogeneous mixture (30.3 g) of crystalline 
material in a pale brown oil. When acetonitrile (25 ml) 
was added, the oil dissolved and allowed the crystalline 
product to be filtered off. When the filtrate was left 
overnight at - 10 °C, more crystals were obtained. The 
cry.talhine product was trans,syn ,trans-di cyclohexyl- 18-
crown-6 (2b) (2.84 g, 12%), m.p. 120_12l0  (from methanol). 
The mother liquors from the acetonitrile crystallisation 
were subjected to column chromatography on alumina 
(1 500 g) deactivated with water (5%) (ether as eluant). 
One major fraction was obtained as an oil, shown to 
contain two components by t.l.c. on alumina (ether as 
eluant). On addition of hexane this fraction yielded 
crystals of rel-( 1 R, 9R)-2,5, 8-trioxabicyclo[7.4.O]tridecane 
(trans-cyclohexyl-9-crown-3) (10) (2.10 g, 6%), m.p. 29-30° 
(Found: C, 64.7; H, 9.92%; ZI'I, 186. C 10H1806 requires 
C, 64.5; H, 9.74%; M, 186), ' (CDC1 3 ) 6.00-6.73 (8 H, 
m, 0CH2 )
1 
 6.73-7.15 (2 H, m, H-i and -9), and 7.80-9.00 
(8 H, m, other CR 2). The mother liquors from the hexane 
crystallisation were concentrated under vacuum to afford 
an oil, which, on vacuum sublimation (0.1 mmHg) at 50 °C 
for 6 h, yielded more trans-cyclohexyl-9-crown-3 (10) 
(980 mg, 3%). The viscous oily residue (2.58 g) from the 
sublimation crystallised from hexane to give needles of 
trans,anti,trans-dicyclohexyl- 1 8-crown-6 (2a) (860 mg, 4%), 
m.p. 63-66°. 
T.l.c. of isomers (2a and b) on alumina by use of a double 
development technique with chloroform as eluant indicated 
that the lrans,syn,trans-isomer (2b) migrated sufficiently 
slower than the trans, anti, trans-isomer (2a) to permit the 
homogeneity of both isomers isolated from the above 
preparation to be established. 
Preparation of Crystalline Complexes between Selected 
Salts and rel-(1R, 9S, 14S,22R)-2,5,8, 15,18,2 1-Hexaoxatri- 
cyclo[20. 4.0.0' ' 4]hexacosane (trans,syn,trans-Dicyclohexyl- 
18-crown-6) (2b).—(a) Complexes (I)—(VI), (VIII), and 
(X). Equimolar proportions of the crown ether (2b) and 
the appropriate alkali metal salt were dissolved in dry 
methanol. The methanol was allowed to evaporate off at 
room temperature and the residue was finally dried at 
0.1 mmHg and room temperature for 48 h to give crystals 
of the appropriate complex (see Table 1). 
Ammonium thiocyanate complex (VII). The crown 
ether (2b) (93 mg) and ammonium thiocyanate (19 mg) 
were dissolved in dry methanol (2 in]) and the solution was 
cooled to —10 °C overnight. Needles formed and were 
filtered off and dried at 0.1 mmHg and room temperature 
for 48 h, giving the ammonium thiocyanate complex (VII) 
(see Table 1). 
Methylammonium thiocyanate complex (IX). The 
crown ether (2b) (62 mg) and methylammonium thio-
cyanate (15 mg) were dissolved in chloroform (3 ml) and 
dry methanol (1 ml). The solution was filtered and 
evaporated to dryness at room temperature and finally at 
0.1 mmHg for 48 h to afford crystals of the methyl-
ammonium thiocyanate complex (IX) (see Table 1). 
Stability Constant Measurements—The activity of the 
uncomplexed cation in methanolic solution was measured 
potentiometrically with ion selective electrodes [(i) a 
Corning NAS 11-18 (Cat. No. 476210) sodium ion electrode 
for Na+  ions and (ii) a Corning monovalent cation electrode 
(Cat. No. 476220) for K, Rb, and Cs ions] as described 
by Frensdorff. 15 
In the calculations of stability constants for 1: 1 com-
plexes the assumption was made that only 1 : 1 complex-
ation occurred. The thermodynamic stability constant, 
K, for a 1: 1 complex is defined by equation (1), where 
K = f[rvrL]/(fMrM]fL[L]) 	(1) 
[ML], [M], and [L] are the molar concentrations of corn-
plexed cation, uncomplexed cation, and uncomplexed 
polyether respectively, and f' f, and fj, are the corre-
sponding activity coefficients. Since fNm and ft  are un-
known, the concentration stability constant, K', is given by 
equation (2), where Jr, has been taken as unity. 
K' = KfM/f = [ML]/([M][L]) 	(2) 
When n ml of Al,, molar cation solution are mixed with 
c ml of C0 molar polyether solution, K' is given by equation 
(3), where the dilution factor D = tn/(m + c) and is is the 
K' = (1 - u)1{uD[cC01m - .lhf(1 - u)]} 	(3) 
fraction of the cation left uncomplexed. Dilution by the 
titrant was taken into account in obtaining the molar ratio 
u from the concentration ratio. For the Corning Ag/AgCl 
reference electrode (Cat. No. 476029), equation (4) applies, 
u = (10VI59.16)/D2 	 (4) 
where AT' is the difference between the e.m.f. of the salt 
solution and that of the salt-polyether solution in rnV 
measured with a Radiometer Copenhagen 26 pH meter to 
within ±0.2 mV. 
The stability constant, K', was calculated directly for 
each value of is by using equation (3) and the results were 
then averaged. 
RESULTS AND DISCUSSION 
Acid-catalysed methylation of (+)-cycloliexane-trans-
1,2-diol (3) with formaldehyde yields, amongst other 
products, the diastereoisomeric (+)- (6a) and meso- (6b) 
2,2'-methylenedioxydicyclohexanols, which may be 
separated 3°  by fractional crystallisation from light 
petroleum. Configurational assignments can be made 31 
to these compounds on the basis of the O'CH 2'0 signals 
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in their 1H n.m.r. spectra. The enantiomers of the (±)-
modification (6a) have C2 symmetry and homotopic 
dioxymethylene protons. The njeso-isomer (6b) has C3 
symmetry and diastereotopic dioxymethylene protons. 
Thus, the compound with m.p. 102.5-103.5 0, which 
gave a two-proton singlet for these protons, was 
assigned 31  the (±)-structure  (6a), and the compound 
with m.p. 80-82°, which gave an AB system, was 
assigned 31  the nieso-structure (6b). 
Stereospecijic Synthesis.—The acyclic acetals (6a and 
b) were obtained by (i) methylenation of the mono-
acetate (4) with dimethyl suiphoxide in the presence of 
2 mol. equiv. of N-bromosuccinimide, 29 followed by 
(ii) de-O-acetylation of the diastereoisomeric diacetates 
(5) to give the diastereoisomeric diols (6), which were 
separated chromatographically. 
The stereospecific synthesis of the €rans,anti,trans- (2a) 
and trans,syn,trans- (2b) isomers of dicyclohexyl-18-
crown-6 was accomplished as illustrated in the Scheme, 
in which the diastereoisomeric acyclic acetals (6a and b) 
were the key compounds. Treatment of (6a) and (6b) in 
turn with sodium hydride and 2,2'-oxybis(ethyl tosylate) 
(9) in 1,2-dimethoxyethane-dimethyl sulphoxide (3: 1) 
afforded the cyclic acetals (7a and b) in 21 and 57% 
yield respectively. Acid-catalysed hydrolysis of the 
acetal groups in (7a and b) proceeded quantitatively in 
each case to give the non-crystalline diols (8a and b). 
Reactions of (8a) and (8b) in turn with the ditosylate (9) 
under similar conditions to those described above for 
insertion of the first CH 2 CH2 0CH2 CH 2 units afforded 
the trans,anti,trans- (2a) and lrans,syn,trans- (2b) isomers, 
respectively. 
Recently, Bailey and Chidlow 33 have determined the 
X-ray crystal structures of these two isomers. Their 
results will be published elsewhere. 
One-step Synthesis.—Subsequently, a one-step syn-
thesis of (2a and b), together with some lrans-cyclo-
hexyl-9-crown-3 (10), was accomplished by treating 
(±)-cyclohexane-trans-1,2-diol (3) and the ditosylate 
OH (___t__ 0--__-0  
OR 	 OR 	RO 
(3) R (5)R : Ac 
(L) R:Ac 	 (6)R:H 
0 
IsO 0 OTs 	a o 
 
(9) 	 (10) 
(9) in dimethyl suiphoxide with sodium hydride. The 
trans,syn,trans-isomer (2b) was obtained crystalline from 
acetonitrile. After chromatography on silica gel, the 
mother liquors afforded trans-cyclohexyl-9-crown-3 (10) 
and trans,anti,trans-dicyclohexyl-18-crown-6 (2a), both 
as crystalline compounds. 
Crystalline Coniplexes.—Crystalline complexes of 
iras,syn,trans-dicyclohexyl-18-crown-6 (2b) with alkali 
H 	 H 	 H 	 H 
	
o -. .._.- o o -._- o 
OH HO 	QOH 	HO 
H 	 H 	 H 	 H 
( (60) 	 6b) 
'S with NI1 i n 
1 75 	0 	Ols Me2SO-(Me0CH2) 
H 	 H 	 H 0 - -- 0 0 -.---- 0
01 	 o 
'0 
a\__jO 	D 0 t 
(70) 	 (7b) 
H'-H 2 0 
OH HOJ~D (a OH H013 
(8o) 	 (8b) 
T sQ 	 with No  in 0 	
OTs Me2SO-(MeOCH2) 
H ,.- ,__ H 	 H ,— ,— H ao 0 0 0 
L40 	-K) 
H \J "—' H 	 H "—" "—' H 
Lrans, onti,(ral7s trans,syn, (tans 
(2o) 	 (2b) 
SCHEME Stereospecific synthesis of the trans,anti,(rans- (2a) 
and Irans,syn,1rans-(2b) isomers of dicyclohexyl- 1 8-crown-6 
metal, ammonium, and primary alkylammonium salts 
were obtained by methods similar to those employed by 
Pedersen. 1 ' 3 A list of complexes and their m.p.s etc. 
is given in Table 1, which also gives the m.p.s of the 
salts. The m.p.s of the complexes differ considerably in 
most cases from those of the salts and that (120-121°) 
of the trans,syn,trans-isomer (2b). The complexes were 
obtained by allowing a solution of the ligand and the 
salt in 1 : 1 stoicheiometric proportions in methanol or 
chloroform to evaporate slowly at room temperature. 
The ratio of ligand to salt was 1: 1 in all the crystalline 
complexes obtained. In the case of the benzyi-
ammonium thiocyanate complex (VIII) and the t-butyl-
ammonium thiocyanate complex (X), removal of the 
solvent yielded syrups which slowly crystallised. 
Attempts to prepare an ammonium bromide complex of 
the trans,syn,trans-isomer (2b) with either methanol or 
acetone as solvent were unsuccessful. The ammonium 
thiocyanate complex (VII) crystallised from dilute 
methanolic solution in a form sufficiently pure for 
elemental analysis. The solvated sodium iodide (I\') 




and ammonium thiocyanate (VII) complexes were 
identified from the hydroxy stretching bands in their 
i.r. spectra, which could be attributed to methanol of 
crystallisation. The postulated composition of the 
methylammonium thiocyanate complex (IX), in which 
it is proposed that there is one-third of a mole of chloro-
form per mole of complex, is based solely upon the 
elemental analysis. 
In the complexes involving sodium and potassium 
ions the ligand presumably encircles the cation, and  
solution were measured potentiometrically with ion 
selective electrodes. The stability constants which are 
defined by the equilibrium constants (K' in 1 mol') for 
complex formation according to equation (1) were 
K' 
L + MnMeOH 	LM + nMeOH (i) 
obtained essentially by the method described by Frens-
dorff, 15 assuming only 1: 1 complex formation. They 
were determined at room temperature, which varied 
slightly from day to day but was constant to within 
TABLE 1 
Crystalline complexes (1 1) of irans,syn,tvans-dicyclohexyl-18-crown-6 (2b) with selected salts 
M.P. of M.P. of 	 Required (%) 	Found(%) salt 	complex Yield  
Complex Salt (°C) (°) (%) Formula of complex 	C H N r C H N 
(I) KI 685' 165-169' 100 C23H3606 KI 	 44.6 6.75 (1 ,23.6) 44.2 7.0 (I, 23.8) 
(Ii) KBr 730' 117-120' 100 C 2014 360,,KBr 48.9 7.35 (Br, 16.3) 48.6 7.25 (Br, 10.3) 
 KSCN 175 a 1161270 100 C20H8606 ,KSCN 	53.7 7.75 2.98 53.9 7.95 2.9 
(S,6.85) (S,6.9)  Nal 651 e 90.5-92' 100 C 0H360,NaI,CH30Hf 	45.5 7.25 (I, 22.9) 45.0 7.25 (I, 22.8)  NaBr 755' 118-119' 100 C 0H3606 ,NaBr 	50.5 7.65 (Br, 16.8) 50.9 7.65 (Br, 16.6)  NH4I 551• 150155 100 C20H 3600,NH4I 46.4 7.8 2.71 46.1 7.55 2.7 
(I, 24.5) (I, 24.8)  NH6SCN 149' 71-76' 45 C20H 6O6 ,NH4SCN, 	55.0 9.2 5.83 55.1 9.05 5.8 
CH 3OH / (S. 6.65) (S,6.15)  PhCH2NH3SCN' 97 68-71 ° 100 C20H3606 ,PhCH5NH3SCN 62.4 8.6 5.20 61.2 8.4 5.35 
(S. 5.95) (S,6.2) 
 MeNHSCN A 68 95-96 b 100 C20H3,06 ,MeNH 3SCN, 	53.4 8.5 5.55 53.7 8.55 5.65 
0.33CHC13 (S. 6.35; (S, 6.6; 
C), 70.6) Cl, 6.1)  ButNH3SCN  A, 123 85-90 100 CsoH06 ,ButNH 3SCN 1 	59.5 9.6 5.55 59.2 9.55 5.2 
(S,-, .55) (S,6.55) 
'From MeOH. 6  From Me0H-CHCI 3
. 
From CHCI 3 . 0 From ref. 3. 	''Handbook of Chemistry and Physics,' 1972, 53rd 
edn., ed. R. C. \Veast, The Chemical Rubber Co., Cleveland, U.S.A. 	I  Hydroxy stretching bands in the i.r. spectra support the 
presence of methanol. 	11 Supplied by Mr. W. D. Curtis. 	A  Supplied by Mr. D. A. Laidler. 
TABLE 2 
Stability constants for 1: 1 ligand-cation complexes based on K' in 1 mol' 
log K" (temp. in °C) 
Ligand Na 
Irans,anli,trans-Isoiner (2a) 2.52 (24.5) 
lrans,syn,trans-Isomer (2b) 2.99 (21) 
cis, anli,cis-Isomer (2c) 3.68 (25) 6' 
eis.syn,cis-Isomer (2d) 4.08 (25) b. 
18-Crown-6 4.34 (21.5) 
4.32 (25) ö,c 
'log K' 4-0.1 unless otherwise stated for the chlorides. 
occasions. 
binding is probably largely a result of electrostatic 
attractions between the electronegative oxygens of the 
C-O dipoles of the ligand and the cation. 3 On the other 
hand, with the ammonium and primary alkylammonium 
ions, the complexes are probably of a face-to-face type 
involving hydrogen bonding of three N-H bonds to 
alternate oxygen atoms in the 18-crown-6 array with 
additional electrostatic stabilisation superimposed. 8 
Complexes in Solution-Qualitative tests indicated 
that both the trans,anU,trans- (2a) and frans,syn,trans-
(2b) isomers of dicyclohexyl-18-crown-6 form stable 
complexes with salts in organic solvents (e.g. they readily 
solubilise potassium permanganate in benzene). 
The concentration stability constants for the form-
ation of 1: 1 polyether-cationic complexes of (2a) and 
(2b) with Nat, K, Rb, and Cs ions in methanolic 
Rb Cs 
3.26 (19) 2.73 (22) 2.27 (19.5) 
4.14 (22.5) 3.42 (23) 3.00 (19) 
5.38 (25) ke 3.49 (25) 6,, 
6.01 (25) 	' 4.61 (25) ,k - 
6.10 (23),' 5.35 (25),' 4.70 (22) 
6.08 (24) a 5.32 (23)' 
6.10 (25) 6,, 
±0.2 °C during any particular run. In fact, variations 
of a few degrees do not affect the results within the 
experimental errors quoted. Table 2 lists the stability 
constants (log K') obtained for complexation of 
Erans,anli,trans- (2a) and lrans,syn, trans- (2b) dicyclo-
hexyl-18-crown-6 with Na, K, Rb, and Cs ions in 
methanolic solution. Values of log K' for 18-crown-6 
are included in Table 2 since this compound serves as a 
'standard' for comparison. The stability constants 
(log K') for complexation of Na, K+, and Cs ions by 
cis,anli,cis- (2c) and cis,syn,cis- (2d) dicyclohexyl-18-
crown-6 from the literature 15 are also included in 
Table 2. 
A number of features and trends in Table 2 deserve 
comment. (i) The values of the stability constants 
obtained for complexatior of 18-crown-6 with Na, K, 
Values from ref. 15. 'Error of ± 0.04. d  Values obtained on separate 
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and Cs ions agree with those reported by Frensdorff. 15 
(ii) The stabilities of the complexes of the trans,anti,trans-
(2a) and trans,syn,irans- (2b) isomers with these three 
metal cations are lower than the corresponding values 
obtained 15  for the cis,anti,cis- (2c) and cis,syn,cis- (2d) 
isomers. (iii) For Na, K+, Rb, and Cs ions, the 
stability constants for the trans,syn,trans-isomer (2b) 
are higher than the corresponding values for the 
trans,anti,trans-isomer (2a). Similarly, the stability 
constants for the cis,syn,cis-isomer (2d) were found 15 
to be higher than those for the cis,anli,cis-isomer 
(2c). (iv) The trans,an€i,lrans- (2a) and lrans,syn,-
trans- (2b) isomers reflect the same general trends 
for complex formation as the cis,anti,cis- (2c) and 
cis,syn,cis- (2d) isomers in that they are selective 
for K+ over N a+, Rb, and Cs+ ions. This is to 
be expected for a macrocyclic polyether with an 
18-memberd ring containing six symmetrically placed 
oxygen atoms on the basis of steric considerations, 
i.e. the size of the hole. 1 ' 3 (v) There is a considerable 
difference in the complexing ability of the four isomers 
of dicyclohexyl-18-crown-6 (2) for K ions. The values 
for log K' are 3.26, 4.14, 5.38, and 6.01, respectively, for 
the trans, anU,trans- (2a), trans,syn,trans- (2b), cis,anti-cis-
(2c), and cis,syn,cis- (2d) isomers. The same general 
trend in stability constants is also apparent for Na and 
Cs ions. 
As a general rule,4 the greater the departire of the 
liganci conformation in the complex from the equili-
brium conformation of the ligand, the greater will be the 
destabilisation introduced by the ligand deformation on 
complexation. Although entropy effects will also be 
important,4  and arise most obviously from (i) the increase 
in the translational entropy of the methanol molecules 
displaced from the cation on complexation and (ii) the 
decrease in ligand internal entropy on complex formation, 
their contribution to the free energy of the system is 
not liable to be markedly different for the four isomers 
of dicyclohexyl- 18-crown-6 (2). 
Assuming a degree of correspondence between the 
solid and solution state conformations, the conform-
ational changes undergone by the trans,anti,trans- (2a) 
and irans,syn,trans- (2b) isomers on complexation of 
metal cations to give ligand—cation complexes (in which 
the conformations of the ligands are expected to be such 
that all the oxygens 'point' towards the centres of the 
molecular cavities) differ considerably. In the crystal 
structure 33  of the trans, syn,trans-isomer ( 2b), four of the 
six oxygens 'point' towards the centre of the molecular 
cavity in the free ligand and so a relatively small con-
formational change is required on complexation to re-
orient the other two oxygens to 'point' inside. In 
contrast, the crystal structure 33 of the trans, anti, trans-
isomer (2a) indicates that only one of the six oxygen 
atoms 'point' towards the centre of the molecular 
cavity in the free ligand and hence a relatively large 
conformational change has to occur on complexation in 
order to reorient the other five oxygens to 'point' 
inside. Thus, the stability constants for complexation 
of metal cations by the trans,syn,trans-isomer (2b) are 
expected to be higher than those for the trans, anti, trans-
isomer (2a). Indeed, this is the case. 
The cis,anti,cis- (2c) and cis,syn,cis- (2d) isomers both 
have four oxygen atoms 'pointing' into the centres of 
their molecular cavities in the crystal structures 25 of 
their free ligands. Both these isomers form more stable 
complexes (see Table 2) than do the di-trans-isomers 
(2a and b). The reasons for this trend are not immedi-
ately apparent, although we note that whereas the 
cyclohexane rings of (2a and b) are rigid they are 
flexible in the di-cis-isomers (2c and d). 
We thank Dr. F. S. H. Head of the Shirley Institute for 
pure specimens of the diastereoisomeric methylenedioxy-
dicyclohexanols, Dr. G. H. Jones of the Corporate Labora-
tory of Imperial Chemical Industries Limited for giving 
advice on the potentiometric determination of stability 
constants with cation-selective electrodes, and Mr. R. M. 
King for technical assistance. A Postgraduate Student-
ship (to A. C. C.) from the S.R.C. is acknowledged. 
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Macrobicyclic Polyethers with Bridgehead Carbon Atoms 
By Andrew C. Coxon and J. Fraser Stoddart, Department of Chemistry, The University, Sheffield S3 7H  
Syntheses of the carbon-bridgehead [21cryptands (5)—(9) have been achieved in a number of different ways from 
the ditosylate (12) of diethylene glycol and either pentaerythritol (10) or 1.1 .1 -tris(hydroxymethyl)ethane (11) 
The [2]cryptands (5)—(9) all exist as their out.out isomers and form complexes in solution with alkali metal 
cations. Variable temperature 'H n.m.r. spectroscopy indicates that the free energy of activation for the dissociation 
of the potassium ion complexes with the bisbenzy!oxymethyl- (5) and dimethyl- (9) [2]cryptar,ds indeuteriochloro-
form is Ca. 12 kcal mol'. Stability constant measurements on the complexes of these 2] cryptands [i.e. (5) and 
(9)] and the bishydroxymethyl[2]cryptand (6) with sodium, potassium, rubidium, and caesium chlorides in 
methanolic solution indicate, surprisingly, that the complexes are extremely weak (K' Ca. 100). All three [2]-
cryptands [i.e. (5). (6). and (9)] exhibit a slight selectivity for binding postassium ions. 
IN 1968, Simmons and Park 1 reported the synthesis of a 
series of macrobicyclic diamines (la—g) and drew atten- 
tion to their topological and stereochemical properties. 
{CHZJ 
k I in 
a; 7 7 7 
b; 8 8 8 
—N 
C; 9 9 9 
d; 10 10 10 
e; 6 6 8  
{CH2] 
f; 6 •8 10 
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/__\ 7___' 
0 	0 	0 
~' O 0 0
)01 	N 	 N 
(2)  
. (3) 
A year earlier, Pedersen had published his paper  on the 
syntheses and properties of a wide range of macrocyclic 
polyethers of which dibenzo-18-crown-6 (2) is probably 
1 H. E. Simmons and C. H. Park, J. Amer. Chem. Soc., 1968, 
90, 2428; C. H. Park and H. E. Simmons, ibid., pp. 2429. 2430. 
C. J. Pedersen,  J. Amer. Chem. Soc., 1967, 89, 7017. 
M. R. Truter and C. J. Pedersen, Endeavour, 1971, 30, 142. ' C. J. Pedersen and H. K. Frensdorff, Angew. Chem. Internat. 
Edit., 1972, 11, 16. 
J. M. Lehn, Structure and Bonding, 1973, 16. 1. 
' Al. R. Truter, Structure and Bonding. 1973, 16, 71.  
the best known example. The crown ethers 3-10 have 
subsequently generated considerable interest because of 
their surprising ability to form complexes in solution, as 
well as in the solid state, with many metal, ammonium, 
and primary alkylammonium ca t ions. 
The association by Lehn and his collaborators 11 of the 
synthetic accomplishments of Simmons arid Park 1 on 
the one hand and Pedersen 2 on the other led to the 
production of macrobicyclic polyethers containing 
bridgehead nitrogen atoms in 1969. Recently, Lehn has 
suggested 12  the use of the term cryptand ' to describe 
all types of cavity-containing ligands, and the bicyclic 
[2]cryptand (3) has been the most widely investigated of a 
large number of macrobicyclic polyether diamines. It, 
and other [2]cryptands, form extremely stable complexes 
([2]cryptates) 5,11 with alkali and alkaline earth metal 
cations in which the cations are encapsulated by the 
R. M. Izatt, D. J. Eatough, and J. J. Christensen, Structure 
and Bonding, 1973, 16, 161; J. J. Christensen, D. J. Eatough, 
and R. M. Jzatt, Chem. Rev., 1974, 74, 351. 
D. J. Cram and J. M. Cram, Science, 1974, 183, 803; D. J. Cram, R. C. Helgeson, L. R. Sousa, J. Al. Timko, M. Newcomb, 
P. Moreau, F. de Jong, G. W. Gokel, D. H. Hoffman, L. A. 
Domeier, S. C. Peacock, K. Madan, and L. Kaplan, Pure Appi. 
Chem., 1975, 43, 327. 
G. W. Gokel and H. D. Durst, Aidrichirnica Ada, 1976, 9, 3; 
Synthesis, 1976, 168. 
'° A. C. Coxon, W. D. Curtis, D. A. Laidler, and J. F. Stoddart, 
A.C.S. Advances in Chemistry Series, in the press. 
" B. Dietrich, J . Al.  Lehn, and J. P. Sauvage, Tetrahedron 
Letters, 1969, 2885, 2889; B. Dietrich, J. Al. 1.chn, J. P. Sauvage, 
and J. Blanzat, Tetrahedron, 1973, 29, 1629; B. Dietrich, J. Al. Lehn, and J. P. Sauvage, ibid., p. 1647. 
12 B. Kaempf, S. Rayual, A. Collet, F. Schué, S. Boileau, and 
J. M. Lehn, Angew. Chem. Internat. Edn., 1974, 13, 611. 
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ligands. Crystal structure determinations on the [2]-
cryptand (3) 5,13  and on several derived [2]cryptates 5.13,14 
show that in all cases the lone pairs of electrons on the 
nitrogen atoms are oriented inside the ligand cavity. 
More recently, two isomers of the bicyclo[8.8.8]hexa-
cosane (4) have been synthesised by Simmons and 
Park 15 in eleven steps from cyclo-octadecane-1,10-dione. 
In this constitutionally symmetrical three stranded 
hydrocarbon with bridgehead carbon atoms (Figure 1), 
J.C.S. Perkin I 
logues; they might prove extremely efficient in their 
complexation of metal cations. In addition we had 
high hopes that carbon-bridgehead [2]cryptands, in 
contrast with their nitrogen analogues, would be rela-
tively rigid, on account of their inability to undergo 
inversion at the carbon atoms associated with their ring 
junctions, and therefore show pronounced selectivities 
towards different metal cations. In this paper, we 
describe synthetic routes to the [2]cryptands (5)—(9) 














' in, in'(hb) 
	
'out, out' (40 
FIGURE 1 The 'in,out' (4a), 'in,in' (4b), and 'out,out' (4c) isomers of bicyclo[8.8.8]hexacosane (4) 
three distinct structures can be recognised: (i) an 
'in,out' isomer (4a) in which the bridgehead carbon 
atoms have the same spatial sense with one of the two 
methine hydrogen atoms oriented towards the cavity 
while the other is oriented away, (ii) an ' in,in ' isomer 
(4b) in which the bridgehead carbon atoms have the 
opposite spatial sense with both methine hydrogen 
atoms oriented towards the cavity, and (iii) an 'out,out 
isomer (4c) in which the bridgehead carbon atoms again 
have the same spatial sense but this time both methine 
hydrogen atoms are oriented away from the cavity. The 
in,out ' isomer (4a) is configurationally related to both 
the 'in,in ' (4b) and the ' out,out ' (4c) isomers, which in 
turn are formally conformational isomers. Corey-
Pauling-Koltun (CPK) space-filling molecular models 
show ' 5 that the degenerate inversion' in,out ' 'out,- 
in ' and the conformational interconversion ' in,in ' ____ 
out,out' are not possible until the chains in bicyclic 
hydrocarbons contain at least ten methylene groups. 
The two isomers which were isolated have been assigned 15 
the 'in,out ' (4a) and ' in,in ' (4b) structures on the basis 
of spectroscopic evidence and theoretical calculations. 
(5) R' :R 2 oCH2.00H2 Ph 
0 	0 	0—. 	 (6) R' :R 2 rCH2.OH 
R 1 --C 	 2oCH .1 ' 	2-OMs 
R' M,R2 :CH 2 .0H 
R' :R 2 :Me 
In 1972, we directed our attention towards the synthesis 
of macrobicyclic polyethers with bridgehead carbon 
atoms in the anticipation that, like their nitrogen ana- 
" R. Weiss, B. Metz, and P. Moras, Proceedings of the XIlIth 
International Conference on Coordination Chemistry, Warsaw, 
vol. II, 1970, 85. 
" P. D. Moras, B. Metz, and R. Weiss, Ada Cryst., 1973, B29, 
383, 388; P. D. Moras and R. Weiss, ibid., pp. 396, 1059. 
15 C. H. Park and H. E. Simmons, J. Amer. Chen,. Soc., 1972, 
94, 7184.  
and studies of their ability to form [2]cryptates with 
metal cations. 16 
EXPERIMENTAL 
Apart from 13C n.m.r spectroscopy the general methods 
used have been delineated elsewhere.' 7 Broad-band de-
coupled 13C n.m.r. spectra were recorded with a JEOL PS 100 
spectrometer, with deuteriochioroform as lock ' and 
tetramethylsi lane as internal standard. 
2,4,8,10- Telraoxaspiro[5. 5]undecane 	(13) .' 8—Pentaer- 
tliritol (10) (30.0 g) and paraformaldehycle (30.0 g) were 
mixed as fine powders and concentrated sulphuric acid 
(15.0 ml) was added. The mixture was kept at room 
temperature for 24 h. Extraction with chloroform yielded 
the spiroundecane (13) (24.1 g, 68%) as plates, nip. 49° 
[from light petroleum (b.p. 60-80°)] (lit.,18  49°) [Found: 
C, 52.6; H, 7.27%; M (mass spec.), 160. CaIc. for 
C7H 1204 : C, 52.4; H, 7.53%; M, 160], (CDC13) 5.23(4 H, 
s, 2 x O'CH,O) and 6.27 (8 H, s, other CH,). 
1 ,3 -Dioxan - 5, 5-diyldimethanol (14). 19—(a) The diacetal 
(19.0 g) dissolved in N-sulphuric acid (700 ml) was 
heated on a steam-bath for S h. On cooling, extraction 
with chloroform removed the unhydrolysed diacetal (13) 
(6.0 g, 32%). The acidic aqueous hydrolysate remaining 
was neutralised (barium hydroxide solution and finally 
barium carbonate). The suspension was filtered to remove 
barium sulphate and the filtrate was concentrated to yield 
an oily residue, which was extracted with chloroform. This 
extract afforded an oil, which crystallised to give the diol 
(6.7 g, 38%), m.p. 60-61° [from chloroform–light 
petroleum (b.p. 60-80 °)] (lit., 19 60°) [Found: M (mass 
spec.), 148. Calc. for C 6H,,04 : 311, 148], 	(CDC1 3) 5.20 
(2 H, s, OCH,'O), 6.26 (8 H, s, other CH,), and 6.84 (2 H, 
s, 2 x OH). 
(b) The diacetal (13) (50.0 g), dissolved in water (500 ml), 
was heated under reflux wth Amberlite CG-120 resin (H+ 
16 Preliminary communications, A. C. Coxon and J. F. Stoddart, 
J.C.S. CIie,n. Comm., 1974, 537; Carbohydrate Res., 1975, 44. Cl. 
17  I. J. Burden, A. C. Coxon, J. F. Stoddart, and C. M. Wheat-
ley, J.C.S. Perkin 1, 1977, 220. 
" H. J. Prins, Rec. Tray. chim., 1952, 71, 1131. 
" A. Skrabal and S. Kalpasanoff, Chem. Ber., 1928, 61, 55. 
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form; 50.0 g) for 24 h with stirring. The resin was filtered 
off and the filtrate was extracted with chloroform to remove 
unhydrolysed diacetal (13) (12.8 g, 26%). The aqueous 
solution was evaporated under vacuum and the residue was 
extracted with chloroform to yield the diol (14) (19.0 g, 
41%). 
2-Benzoyloxymelhyl-2hydroxymeghylpyopane 1, 3-diol (17). 
-Benzoyl chloride (12.1 g) was added dropwise with stirring 
over 1 Ii to pentaerythritol (10) (39.8 g) dissolved in dry 
pyridine (1.5 1) at 40 °C. The mixture was left for 1 h, then 
poured into ice-water, which was then extracted with 
chloroform to give an oil. Crystallisation from chloroform-
light petroleum (b.p. 60-80 0 ) gave crystals of the benzoate 
(17) (5.1 g, 24%), m.p. 77 0 , m/e 241 (M -f-  1), r [CDCI 3-
(CD 3)0C0-D 20] 1.96-2.06 and 2.44-2.64 (5 H, m, aro-
matic), 5.60 (2 H, s, CH2'O'COPh), and 6.22 (6 H, s, 3 x 
CH2 'OH). 
1,3-Dioxan-5,5-diylbis(me//zyl Benzoate) (16) and 5-Hydr-
oxyrnethyl- 1, 3-dioxan-5-ylmethyl Benzoate (15) .-Benzoyl 
chloride (29.1 g), dissolved in dry pyridine (25 ml), was addecl 
dropwise with stirring over .1 h to the diol (14) (36.7 g) 
dissolved in dry pyridine (250 ml). The mixture was set 
aside overnight and then poured into ice-water. The white 
precipitate gave crude dibenzoate (16) (5.8 g, 9%), m.p. 
91-92° (from absolute ethanol) [Found: C, 67.3; H, 
5.85%; M (mass spec.), 356. C 20H2006 requires C, 67.4; 
H, 5.66%; 111, 356], (CDCI 3) 1.98-2.09 and 2.42-2.78 
(10 H, m, aromatic), 5.14 (2 H, s, O'CH 2 0), 5.52 (4 H, s, 
2 x CH 2 '0'COPh), and 6.06 (4 H, s, other CH.). The 
filtrate was extracted with chloroform to yield crystals of 
the benzoate (15) (20.7 g, 41%), m.p. 113° [from chloroform-. 
light petroleum (h.p. 60-80°)] [Found: C, 62.0; H, 6.43%; 
.111 (mass spec.), 252. C 13H 1605 requires C, 61.9; H, 
6.39%; M, 252], r (CDCI 3) 1.94-2.05 and 2.33-2.70(5 H, 
m, aromatic). 5.11 and 5.23 (2 H. AD system, JAB 6.0 Hz, 
O'CH 2.0), 5.50 (2 H, s, CH9'000Ph), 6.10 and 6.26(4 H, 
2 AB systems, JAB  12.0 Hz, 4- and 6-H 2 ), 6.43br (2 H, s, 
CH.-OH), and 7.37br (1 H. s, OH). 
5-Hydroxymet/zyl- 1, 3-dioxan-5-ylmethyl Benzoate (15).-
Monobenzovlpentaervthritol (17) (250 mg, 1.0 mmol) and 
N-bromosuccinimide (560 mg, 3.0 mmol) were stirred in 
dry dimethyl sulphoxide (20.0 ml) at 50 °C for 24 h. Satur-
ated sodium hydrogen carbonate solution was added until 
the mixture was neutral, and it was then extracted with 
chloroform to yield crystals of the benzoate (15) (0.17 g, 
65%). 
5-(Melhoxymethoxymelhyl)- I, 3-dioxan-5-ylnzefhyl Benzoate 
(19).-The monobenzoate (15).(200 rng) was heated under 
refiux in dirnethoxvmethane (70 ml) using a Soxhiet extrac-
tion apparatus containing anhydrous calcium chloride 
(2.0 g) for 36 Ii in the presence of concentrated sulphuric 
acid (1 drop). Sodium hydrogen carbonate (100 mg) was 
added and the solution was evaporated to yield a crude 
oil, characterised as the mixed acetal (19) (200 mg), IV! (mass 
spec.) 296, T (CDCI 3) 1.92-2.06 and 2.40-2.64 (5 H, in, 
aromatic), 5.18 (2 H, s, cyclic 0CH20), 5.42 (2 H, s, 
O'CH2'OCH 3), 5.59 (2 H, s, CH2'O'COPli), 6.14 (4 H, s, other 
ring CH.), 6.38 (2 H, s, CH2'0'CH2'0•CH3), and 6.52 (3 H, s, 
OCH3). 
5-( 1-]llethoxyelhoxymethyl)- 1, 3-dioxan-5-ylmell1yl Benzoate 
(20).-The monobenzoate (15) (100 mg), dissolved in I,)-
dimethoxyethane (30 ml) containing a trace of concentrated 
sulphuric acid (<5 mg), was left at room temperature for 
16 h. Dietliylamine (50 mg) was added with shaking and 
the volatile compounds were removed by evaporation to 
yield a crude oil, characterised as the mixed acetal (20) 
(110 mg), M (mass spec.) 310, 'r (CDC],) 1.95-2.08 and 
2.46-2.74 (5 H, m, aromatic), 5.19 (2 H, s, OCH 2 '0), 5.40 
(1 H, q, J 5.0 Hz, CHCH3), 5.01 (2 H, s, CH 2 '0'COPh), 6.15 
(4 H, s, other ring CH 2), 6.77 (3 H, s, OCI-1 3), and 8.75 (3 
H, d, J 6.0 Hz, CH - CH,,). 
5-( 1-Jl'Iethoxy- 1-me/hylelhoxyme/hyl)- 1, 3-dioxan-5-ylme/hyl 
Benzoate (21).-The monobenzoate (15) (0.80 g), dissolved in 
2,2-dimethoxypropane (100 ml) containing a trace of 
concentrated sulphuric acid (<5 mg), was left at room 
temperature for 16 h. Diethylamine (50 mg) was added 
with shaking and the volatile materials were removed by 
evaporation to yield the crystalline mixed acetal (2 1) (0.91 g, 
88%), m.p. 102° [from light petroleum (b.p. 60-80°)] 
[Found: C, 63.1; H, 7.2%; AT (mass spec.), 324. C 17H 4 O6 
requires C, 63.0; H, 7.45%; M, 324], r (CDC],) 1.96-2.04 
and 2.40-2.68 (5 H, m, aromatic), 5.17 (2 H, s, O'CH'O), 
5.60 (2 H, s, C112 'OCOPh), 6.15 (4 H, s, other ring CH 2 ), 
6.51 (2 H, s, C11 2 '0CMe2-0'CH 3), 6.89 (3 H, s, OCH 3), and 
3.71 [6 H, s, CH 2 0•C(CH3 ) 2 .0.CH31. 
5, 5'-Ivlelhylenebis(oxymethylene)bjs( 1, 3-dioxan-5-ylmethyl 
Benzoate) (l8).-(a) Monobenzoylpentaerythritol (17) (4.8 g) 
and paraformaldehyde (4.8 g) were mixed as fine powders 
and concentrated sulphuric acid (3.0 ml) was added. The 
mixture was left at room temperature for 16 h. The extrac-
tion procedure, which was similar to that used in the prepar-
ation of the spiro-derivative (13), yielded a crude oil (2.7 g). 
The oil was subjected to column chromatography on silica 
gel [light petroleum (b.p. 60-80°)-ethyl acetate (9: I v/v) 
as eluant] to give two major fractions. Fraction I afforded 
crystals of 5, 5'-me/hylenebis(oxyn1eiJzv/efle)bjs( I, 3-dioxan-5-
yl;nethyl bnzoate) (18) (0.56 g, il%), m.p. 93--94° (from 
methanol) [Found: C, 62.8; H, 6.09%; M (mass spec.), 
516. C27H 3 0 10  requires C, 62.8; H, 6.24%; 3W, 5161, 
(CDCI 3) 1.96-2.08 and 2.40-2.72 (10 H, m, aromatic), 
5.20 and 5.28 (4 H, 2 AB systems, JAB 6.0 Hz, cyclic 
O'CH 2 'O), 5.36 (2 H, s, acyclic O'CH 2 'O), 5.63 (4 H, s, 
2 x CH 2 000PI1), 6.19 (8 H, s, C-4, -4', -6, and -C' CH 2 ), 
and 6.41 (4 H, s, other CH O ). Fraction II afforded crystals 
of the diacetal (13) (1.51 g, 470 0 ). 
The monobenzoate (15) (0.48 g, 1.9 niniol) and N-
bromosuccinimide (0.70 g, 4.0 mmol) were stirred in dry 
m dimethvl sulphoxide (25 l) at 50 °C for 24 h. Sodium 
hydrogen carbonate solution was added until the mixture 
was neutral and then it was extracted with chloroform to 
give a yellow oil. Column chromatography on silica gel 
[light petroleum (b.p. 60-80°)-ethyl acetate (7: 3 v/v) as 
eluant] afforded crystals of the acyclic methylene acetal (IS) 
(0.24 g, 49%), m.p. 93-94° (from methanol). 
Monobenzoylpentaerythritol (17) (10 mg, 0.04 mmol) 
and N-bromosuccinimidc (45 mg, 0.24 mmol) were stirred 
in dry dimethyl sulphoxide (2 ml) at 60 °C for 7 days. 
T.l.c. on silica gel [ethyl acetate-light petroleum (b.p. 60-
80°) (3 : 2 v/v)] indicated the presence of a ca. 1: 1 mixture 
of the monobenzoate (15) and the dibenzoate (18), as sole 
products. 
S,5'-.Methylenebis(oxyrne(hy1ene)bjs (1, 3-dioxan-5-ylne//i-
anol) (22).-Sodium (0.10 g) was dissolved in dry methanol 
(100 ml) and the acyclic methylene acetal (18) (2.40 g) was 
added. After 24 h the methanol was removed and the 
residue was extracted with chloroform to yield crystals of 
the diol (22) (1.26 g, 90%), nip. 87° [from chloroform-light 
petroleum (h.p. 60-80°)] (Found: C, 50.8; H. 7.7. 
C 13H2408  requires C, 50.6; H, 7.85%), r (CDCI 3 ) 5.12 and 
5.26 (4 H, 2 AB systems, JAB 6.0 Hz, cyclic O'CH 2 '0), 5.31 
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(2 H, s, acyclic O•CH 2 '0), 6.16 and 6.35 (8 H, 4 AB systems, 
fAa 11.5 Hz, C-4, -4', -6, and -6' CH,), 6.32 (4 H, s, 2 x 
CH 2 0H), 6.38 (4 H, s, other CH.), and 7.10 (2 H, s, 
2 x OH). 
2 , 4 ,8,10,14,16,19,22, 25-Nonaoxadispiro[555 9]hexacosane 
(23).—(a) The diol (22) (0.80 g) was dissolved in 1,2-dimeth-
oxyethane (100 ml). Sodium hydride (0.50 g) was added 
and the mixture was stirred at 50 °C. Diethylene glycol 
ditosylate (12) 17,20 (1.18 g) dissolved in 1,2-dimethoxy-
ethane (50 ml) was added dropwise over 5 h. Stirring was 
Continued and the mixture was maintained at 50 °C over-
night. The suspension was cooled in an ice-bath and the 
excess of sodium hydride was destroyed by addition of 
water. Extraction with chloroform yielded an oil, which 
was subjected to column chromatography on silica gel 
(ether as eluant) to afford crystals of the disPiro-compound 
(23) (0.38 g, 39%), m.p. 85° [from light petroleum (b.p. 60-
80°)] (Found: C, 54.1; H, 8.05%; - 1, 377. C 17 H30 -
09  requires C, 54.0; H, 8.0%; M, 378), (CDCI 3 ), 5.22(4 H, 
s, C-3 and - 15 O'CH 2 ), 5.34 (2 1-1, s, C-9 O'CH 2 ), 6.24 (8 H, s, 
C-I, -5, -13, and -17 CH 2), 6.40 (8 H, s, OCH,CH 2•0CH2 • 
CH 2 '0), and 6.46 and 6.50 (8 H, 2 s, C-7, -II, -18, and -26 
CH 2 ). 
(b) The diol (22) (400 mg) was dissolved in dimethvl 
sulplioxide (40 ml). Sodium hydride (200 mg) was added 
and the mixture was stirred at 50 °C. Diethvlene glvcol 
ditosylate (12) (670 mg) in climethyl sulphoxide (25 ml) was 
added dropwise over 5 h. Stirring was continued and the 
mixture was maintained at 50 °C overnight. The procedure 
described in (a) afforded the dispiro-coin pound (23) (117 rng, 
25%). 
5.5'-Oxybis(eihyIeneox9ne//zyle)ze)bjs( 1 ,3-dioxan-5-v1ne//za_ 
no!) (24).—The dispiro-compound (23) (430 mg) was heated at 
80 °C for 2 11 in N-Sulphuric acid (60 ml). The solution was 
neutralised with saturated sodium hydrogen carbonate 
solution and extracted with chloroform to give the diol (24) 
as an oil (342 nig, 82%), AT (mass spec.) 366, (Cl)Cl 3 ) 5.17 
and 5.30(4 H, 2 AB systems, JAB 6.0 Hz, 2 x OCH.,0), 6.21 
and 6.39 (8 H, 4 AB systems, 
J.\Il 11.5 Hz, other cyclic 
CH2 ), (12 H, s, 2 x OCH.,'C}I,•O and 2 x CH-0H), (1.44 
(4 H, s, other CH 2 ), and 6.54br (2 H, s, 2 x OH). 
2,4,8,11, 14,18,20,23,26, 29-Decaoxadispjro59591frjaco 
lane (25).—(a) The cliol (24) (430 mg) and diethvlene glycol 
ditosylate (12) (500 mg) were added to sodium hydride 
(500 mg) suspended in I,2-dimethoxvetjiane (50 ml), and the 
mixture was stirred at 50°C for 48 Ii. \Vater was then added 
to the cooled mixture. Extraction with chloroform gave an 
oil (340 mg), which was subjected to column chromatography 
on silica gel (ether as eluant) to afford the dispiro-derivative 
(25) (111 mg, 21%) [Found: AT (mass spec.), 436.231 2. 
C 20 1­1 36010  requires 1W, 436.230 8], (Cl)Cl 3 ) 5.24 (4 H, s, 
2 x 0CH2 0), 6.27 (8 H, s, C-I, -5, -17, and -21 CHO), 6.41 
(16 H, s, 4 X OCH2 CH 2 .0), and 6.50 (8 H, s, other CH 2 ). 
(b) The diol (24) (25.6 g) and dlietlivlene glvcol dlitosvlate 
(12) (75.0 g) were added to sodium hydride suspended in 
dimethyl sulphoxide (300 ml), and the mixture was stirred 
at 50 °C for 72 Ii. Water was then added to the cooled 
mixture. Extraction with chloroform yielded an oil, which 
was subjected to vacuum distillation to give three major 
fractions: 1 (0.95 g), b.p. 180--200° at 0.04 mmH g ; II 
(1.30 g), b.p. 200-220° at 0.04 mmHg; and III (5.71 g), 
b.p. 220-240° at 0.04 mmHg. Fraction II was subjected 
to column chromatography on silica gel (ether as eluant) to 
° J. Dale and P. 0. Kiistiansen, Ada C/ieln. Scdnd., 1972, 26, 1471: 
yield an oil characterised as the dispiro-derivative (25) 
(308 mg, 0.3%). 
2-Phenyl- 1, 3-dioxan-5 , 5-diyldimelhanol (28) . 21—Pentaery-
thritol (10) (180 g) was converted into the benzylidene 
derivative (28) (214 g, 72%), m.p. 133-134 0 (lit.,21 134-
135°), AT (mass spec.) 224, 'r [CDC] 3-(CD3 ) 2 CO_D 20] 2.47-
2.85 (5 H, in, aromatic), 4.59 (1 H, s, PhCH), 5.86 and 6.24 
(4 H, 2 AB systems, JAB 11.5 Hz, C-4 and -6 CH 2), 5.97 (21-f, 
s, axial CH 2 'OD), and 6.50 (2 H, s, equatorial CHOOD) by 
a literature procedure. 21 
5, 5-Bisallyloxymet /iyl-2-p henyl- I, 3-dioxan (29), 5-Allyl-
oxyrnei/zyl-c- 2-p/ienyl- I, 3-dioxan-r-5-ylinet/ianol (30), and 5-
A llyloxymet/iyl-t-2-p/zenyl_ I, 3-dioxan-r-5-ylniethanol (31).—
The l)enzvlidene derivative (28) (3.73 g), allyl bromide 
(6.38 g), and powdered sodium hydroxide pellets (4.00 g) 
were stirred and heated under reflux in dry benzene (40 ml) 
for 4 h. The solution was filtered and the residue was 
washed with benzene. Benzene was removed by evapor-
ation to yield an oil (2.60 g), which was subjected to column 
chromatography on silica gel [light petroleum (b.p. 60-80°).-
ethyl acetate (2 : I v,/v) as eluant] to give three major frac-
tions. Fraction I was an oil, 5,5-bisallyloxyne(/ivl_2_p/ien.. 
1,3-dioxan (29) (0.85 g, 17%), AT (mass spec.) 304, T (CD6I 3 ) 
2.46-2.80 (5 H, in, aromatic), 3.88-4.35 (2 H, in, CH 2 
CIICH 2 ), 4.60 (1 1-1, s, PhCH), 4.62-4.96 (4 H, in, 2 x 
CHCH=CH.,), 5.66---6.24 (8 H, in and 2 AB systems, JAD  12.0 Hz, 2 x CH7.CHCH 2 and C-4 and -6 CH 2), 6.24 (2 H, 
s, axial CH 2 0'CH•CH=CH), and 6.73 (2 H, s, equatorial 
CH20CH0•CH=CH.,) Fraction II was an oil, 5-allyloxy-
;net/iyl-c-2-phenyl 1, 3-dioxan-r-5-ylmet/ia no! (30) (0.82 g, 
(mass spec.) 264, (CDC1 3) 2.44-2.74 (5 H, in, 
aromatic), 3.92-4.40 (1 H, in, CHCHCH,), 4.60 (1 1-1, s, 
PhCH), 4.62-4.92(21-I in, CH2.CH'°C1T2 ), 5.76-6.34(81-I, 
in, s, and 2 AB systems, J;ii 12.0 Hz, CH,CH=CH,, CH 2 OH, 
and C-4 and -6 CH,), 6.78 (2 H, s, CH 2 '0•CH 9 .CH=CH,) and 
7.40br (1 H, s, OH). Fraction If I was an oil, 5-al/vioxv-
;;zet/iyl-t-2-pheny/_ I, 3-dioxan-r-5-vl,ne t/ia;wl (31) (0.50 g, 
11%), 2.46-2.74 (5 H, in, aromatic), 3.88-4.32 (1 H, in, 
CH.,C[I=CH,), 4.62 (1 H, s, PhCH), 4.62-4.90 (2 Fl, in, 
CHCH=CH), 5.86 and 6.29 (4 H, 2 AB systems, 
JAIl 12.0 
Hz, C-4 and -6 CH 2), 5.66-6.06 (2 Fl, in, CH,'CH=CH,), 
6.12 (2 H, s, CH.O.CH,.CH=CH,) 6.53br (2 H, s, CH 2 'OH), 
and 7.37br (1 H, s, OH). 
In a second experiment the benzyliclene derivative (28) 
(22.4 g), allvl bromide (48.4 g), benzene (250 ml), and 
powdered potassium hydroxide pellets (16.8 g) were stirred 
and refluxed for 48 h. By the procedure outlined above the 
(liahlyl ether (29) (19.1 g, 63%) was obtained in greater 
amounts. 
5,5-B is- (2-/zydrox) ,et/ioxymethyl) 2-p/:enyl- 1, 3-dioxan 
(32).—The diallvl ether (29) (32.3 g), dissolved in dry meth-
anol (150 ml), was subjected to ozonolysis at —78 °C until 
tic, on silica gel (ethyl acetate as eluant) indicated that all 
the starting material had reacted. The vessel was flushed 
with nitrogen to remove the excess of ozone and then cooled 
in an ice-salt bath at —10 °C. A solution (150 nil) of 
sodium borohvdride (10.3 g) in 1 : I aqueous ethanol was 
added with stirring to the mixture during 1 Ii. The mixture 
was stirred and allowed to warm to room temperature 
overnight. Neutralisation with dilute hvdlrochloric acid, 
followed by concentration gave a residue which was extracted 
with boiling chloroform to yield the diol (32) (31.5 g, 95%) 
[Found: C, 61.3; H, 7.7%; 1W (mass spec.), 312. C, 6 1-1,,,/00 6  
" C. 1-I. Issidorides and R. Gulen, Org. Syntla., Coil, Vol. 1\', 




requires C, 61.5; H, 7.75%; M, 312], r (CDC1,) 2.40-2.90 
(5 H, m, aromatic), 4.60 (1 H, s, PhCH), and 5.54-6.80 
(18 H, m, other protons) as an oil. 
5, 5-Bis-(2-p-toiylsulphonyioxyelhoxymethyi) -2-phenyl-
1,3-dioxan ( 33) and 5-(2-Hydroxyeihoxymethyl)-5-(2-p-
ioiyisuiphonyloxye/hoxynielhyi)-2-phenyi- 1 ,3-dioxan [( 34) 
and (35)].-The diol (32) (12.5 g) was dissolved in dry 
pyridine (45 ml) and toluene-p-sulphonyl chloride (21.0 g) 
was added during 2 h as a powder to the stirred and cooled 
solution. Stirring was continued for a further 4 hat ca; 0 °C. 
The mixture was then set aside overnight at room tempera-
ture, poured onto ice (100 g), and diluted with water (50 ml). 
The aqueous solution was neutralised with 16% hydrochloric 
acid and then extracted with chloroform to give a viscous 
oil (14.1 g). T.l.c. on silica gel [ethyl acetate-light petrol-
eum (b.p. 60-80°) (3 : 2 v/v) as eluant] indicated the pres-
ence of two major components. The viscous oil was 
subjected to column chromatography on silica gel [ethyl 
acetate-light petroleum (b.p. 60-80°) (1: 3 v/v)] and two 
major fractions were obtained. Fraction I was a glass, the 
ditosylate (33) (4.8 g, 19%) [Found: C, 57.8; H, 5.85; S, 
10.4%; M (mass spec.), 620. C 30H 360,0S, requires C, 
58.05; H, 5.85; S, 10.3%; M, 620], 'r (CDCI 3) 2.12-2.30 
and 2.44-2.80 (13 H, m, aromatic), 4.64 (1 H, s, PhCH), 
5.66-6.50 (12 H, m, C-4 and -6 CH, and O'CHCH,'O), 
6.31 (2 H, s, axial CH,0'CH 2'CH,OTs), 6.80 (2 H, s, 
equatorial CH,'OCH,CH,.OTs), and 7.58 and 7.60 (6 H, 2 
s, 2 x C11 3). Fraction II was an oil, shown by 'H n.m.r. 
spectroscopy to contain the two diastereoisomers (ratio Ca. 
1: 1) of the nonotosyiate [(34) and (35)] (5.11 g, 27.4%), 
iLl (mass spec.), 466. 
1,4,7,11,14,1 7-Hexaoxacvcioeicosane-9 , 9,19,1 9-tetrayile/ra-
me/hanoi (26).-(a) The dispiro-derivative (25) (110 mg) was 
heated in 5N-sulphuric acid (50 ml) at 80 °C for 17 h. Water 
(50 ml) was added to the hydrolysate, which was neutralised 
with barium carbonate. Barium sulphate was filtered off 
and the filtrate was extracted with chloroform to remove 
unhydrolysed dispiro-derivative (25) (5 mg, 4.5%). The 
aqueous solution was evaporated to dryness and the residue 
was extracted with chloroform to yield crystals of the 
telraoi (26) (80 mg, 76%), m.p. 77° [from ether-light petrol-
eum (b.p. 60-80°)] [Found: C, 52.1; H, 8.55%; M, (mass 
spec.), 412. C,,H 360,0 requires C, 52.4; H, 8.8%; AT 412], 
'r (CDC13) 6.27-6.39 (32 H, m, CH,) and 7.05br (4 H, s, 
4 x OH). 
(b) The dibenzylidene dispiro-derivative (27) (588 mg) was 
dissolved in ethanol (50 ml) and 10% palladium-carbon 
(50 mg) was added. The mixture was subjected to hvdro-
genolysis until 4.0 mol. equiv. of hydrogen had been absor-
bed, then filtered and concentrated to give crystals of the 
tetraol (26) (412 mg, 100°/). 
3,1 9-Diphenyl-2,4,8, 11,14,18,20, 23,26,29-decaoxadispiro-
[5.9.5. 9]lriacontane (27), 3-Plienyi-2,4, 8,11,1 4-penlaoxaspiro-
[5.9]pentadecane (36), and 3,1 9,34-Triphenyl-2,4,8, 11,14,18,-
20,23,26,29,33,35,38,41 ,44-pentadecaoxa/rispiro[5. 9.5.9.5.9]-
pentateiracontane (37).-(a) The tetraol (26) (0.85 g), benzal-
dehyde (0.90 ml), and concentrated hydrochloric acid 
(0.04 ml) were added to water (20 ml) and the mixture was 
stirred for 48 h. The solution was extracted with chloro-
form to give a crude oil (0.92 g). The oil was subjected to 
column chromatography on deactivated alumina (45 g) 
(ether as eluant) to afford crystals of the dibenzylidene 
dispiro-derivative ( 27) (0.69 g, 59%), m.p. 99° (from ether) 
[Found: C, 65.2; H, 7.55%; AT (mass spec.). 588.291 3. 
C32H 440,0 requires C, 65.3; H, 7.55%; M, 588.293 4], 'r  
(CDC1,) 2.46-2.80 (10 H, m, aromatic), 4.60 (2 H, s, 2 x 
PhCH), 5.85 and 6.22 (8 H, 4 AB systems, JA I t 12.0 Hz, C- 1, 
-5, -17, and -21 CH,), 6.18 (4 H, s, axial CH,OCH,CH2O), 
6.35 and 6.40 (16 H, 2 s, 4 x O'CH,'CHO), and 6.66 (4 H, 
s, equatorial CH2 0C1-I,CH,'O), 8C (C3CI 3 ) 138.3, 128.1, and 
126.0 (aromatic), 101.7 (PhCH), 71.1, 70.4, and 69.1 
(secondary C), and 39.0 (quaternary C). 
The diol (32) (0.65 g) was dissolved in dry dimethyl 
sulphoxide (10 ml). Sodium hydride (0.30 g) was added 
and the mixture was stirred at room temperature for 30 
mm. The ditosylate (33) (1.28 g) dissolved in dry dimnethyl 
sulphoxide (15 ml) was added dropwise over 30 mm, and the 
mixture was then stirred at 50 °C for 48 h. The suspension 
was cooled in an ice-bath and the excess of sodium hydride 
was destroyed with water. Extraction with ether gave a 
crude oil (0.61 g), which was subjected to column chromato-
graphy on deactivated alumina (ether as eluant). The 
oil obtained yielded crystals of the dibenzylidene dispiro-
derivative (27) (0.26 g, 21%). 
The benzyhidene derivative (28) (7.6 g) and diethylene 
glycol ditosylate (12) (14.1 g) were added to sodium hydride 
(2.0 g) suspended in dimethyl sulphoxide (300 ml). The 
mixture was stirred at 50 °C for 72 h, then cooled and water 
was added. Extraction with ether yielded a crude oil (8.5 g), 
which was subjected to column chromatography on alumina 
(ether as eluant) to give three major fractions. Fraction I 
afforded crystals of the dibenzylidene dispiro-derivative (27) 
(1.50 g, 15%). Fraction II afforded an oil, 3-phenyl-2.4,8,-
11,14-pentaoxaspiro[5. 9]pentadecane (36) (0.63 g, 6.4 0/ ,') ) 
[Found: 111 (mass spec.), 294.1458. C 16 H 2205 requires Lvi, 
294.146 7], r (CDCI,) 2.44-2.80 (5 H, m, aromatic), 4.62(1 H, 
s, PhCH), 5.80 and 6.36 (4 H, 2 AB systems, JAB  11.5 Hz, 
C-I and -5 CH,), 5.96 (2 H, s, axial CHO'CH,'CHO), 
6.29br (8 H, s, 2 x O'CH 2 CH 2 O), and 6.65 (2 H, s, equator-
ial CHOCH,CH20). Fraction III afforded crystals of 
3, 19,34-triphenyl-2,4,8,l1,14, 18,20,23,26,29,33,35,38,41,44-
pentadecaoxalrispiro[5. 9.5.9.5. 9]pentatetracon/ane (37) (0.51 g, 
5.1%), m.p. 86-87° (from ether) [Found: C, 65.1; H, 
7.65%; M (mass spec.), 882.4399. C 48H 660,5 requires 
C, 65.3; H, 7.55%; Al, 882.440 2 1 , ' (CDCI) 2.45-2.74 (15 
H, m, aromatic), 4.59 (3 H, s, 3 x PhCH), 5.86 and 6.14 
(12 H, 6 AB systems, JAB  11.0 Hz, C-I, -5, -17,-21, -32. and 
-36 CH,), 6.19 (6 H, s, axial CH,0CHCH 2 O), 6.35 and 
6.41 (24 H, 2 s, 6 x OCH2 CH 7 'O), and 6.67 (6 H, s, 
equatorial CH2'0CH,'CH2'0). 
trans- (38) and cis- (39) 9,19-Bisbenzyloxymetliyl-1,4,7,-
11,14,1 7-Iiexaoxacycloeicosane-9 , 1 9-diyldimet/zanoi.-A sus-
pension of lithium aluminium hydride (1.0 g) in dry ether 
(60 ml) was added with stirring during 30 min to boron 
trifluoride-diethyl ether (13.00 g) at 0 to -10 °C. The 
dibenzylidene dispiro-derivative (27) (2.72 g) was then added 
as a solid during 10 min. The mixture was stirred at 0 to 
- 10 °C for 4 h, and then under reflux for 2 h, cooled and 
decomposed by slow addition of 10% sulphuric acid (250 
ml). The ethereal layer was separated and the aqueous 
layer was extracted with ether to give a crude oil (2.40 g). 
This oil was subjected to column chromatography on silica 
gel (ethyl acetate as eluant) to afford two major fractions. 
Fraction I was an oil, characterised * as the trans-dio/ (38) 
(0.86g, 31%) [Found: M(mass spec.), 592.3237. C 32H 480, 0 
requires Al, 592.324 7], (CDCI,) 2.80br (10 H, s, aromatic), 
* The configurational assignments were made on the basis of 
the attempted reaction of each isomer with diethylenc glycol 
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5.60 (4 H, s, 2 x PhCH2), 6.20-6.60 (32 H, m, with intense 
s at 6.50, other CH 2 ), and 7.20br (2 H, s, 2 x 01-I). Frac-
tion II was an oil, characterised * as the cis-diol (39) (0.86 g, 
31%) [Found: 1W (mass spec.), 592.3214. C 321-1 48010 
requires M, 592.324 7], (CDCI 3) 2.79br (10 1-1, s, aromatic), 
5.59 (4 H, s, 2 x PhCH 2 ), 6.20-6.60 (32 H, m with intense 
s at 6.50, other CH 2 ), and 7.35br (2 H, S. 2 x OH). 
Attempted Condensation of trans-9, 1 9-Bisbenzyloxyni ethyl-
1,4,7,11,14, 17-/i exaoxacycloeicosane-9 , 1 9-diyldi;n ethanol (38) 
with Diethylene Glycol Ditosylale (12).-The trans-diol (38) 
(200 mg) was added to sodium hydride (200 mg) suspended 
in 12-dimethoxyethane (8 ml). Diethylene glycol ditosylate 
(12) (140 mg), dissolved in 1,2-dimethoxyethane (4 ml), was 
added over 1 h to the stirred mixture at 50 °C. The 
mixture was stirred at 50 °C for a further 20 h and then 
cooled. Water was added to destroy the excess of sodium 
hydride. Extraction with chloroform yielded an oil (161 
mg), shown by tic, on silica gel (ethyl acetate as eluant) to 
consist mainly of the diol (38) and the ditosylate (12). 
1,11 -Bi.s benzyloxyinetliyl-3 . 6 .9 , 13,16,19,22, 25,28-nonaoxa-
bicyclo[9.9.9]nonacosane (5).-The cis-diol (39) (0.86 g) was 
added to sodium hydride (0.40 g) suspended in 1,2-dimeth-
oxyethane (25 ml). Diethylene glycol ditosylate (12) 
(0.60 g), dissolved in 1,2-dimethoxyethane (25 ml), was added 
over 4 h to the stirred mixture at 50 °C. The mixture was 
stirred at 50 °C for a further 20 h and then cooled. Water 
was added to destroy the excess of sodium hydride. Extrac-
tion with chloroform yielded an oil (1.00 g), which was 
subjected to column chromatography on silica gel (ether as 
eluant) to give the [2]cryptand (5) ((1.28 g, 30%), m.p. 48-
490 [from light petroleum (b.p. 60-80°)] [Found: C, 65.4; 
H, 8.1%; 1W (mass spec.). 66 0 2.368 5. C 36 H 541 requires 
C. 65.2; H, 8.2%: M, 662.366 6], ' (CDCI 3 ) 2.72 (10 H, s, 
aromatic), 5.52 (4 H, s, 2 x PhCH). 640 (36 H, s, 6 x 
CH,OCH 2 CH,0), and 6.50 (4 H, s. 2 x PhCHOCH.,). 
3,6,9,13,16, i9,22,25.28-Nonatxabicyc/o ft.9.9-nonacosane-
1.1 1-diyldhnethatzol (6).--The 2crvptand (5) (70 mg) was 
dissolved in ethanol (30 ml) and  II °, pal lad iii tn-carbon 
(20 mg) was added. The mixture was subjected to livdro-
genolvsis until 2.0 mol. equiv. of hydrogen had been ab-
sorbed. The mixture was filtered and concentrated to give 
crystals of the bicvclic diol (6) (51 mg, 160%), nip. 64- 65 
[from ether-light petroleum (h.p. 60--80_ )1J (Found: C, 
54.8; H, 8.5%; M 4. ± 1, 483. C 2 l-l 42O 11 requires C, 54.8: 
H, 8.75%; 1W, 482), (Cl)C1 3 1 6.36 and 6.40 (40 H, 2 s, CH) 
and 7.06br (2 H, s, 2 x OH). 
1,1 1-Bismet/iy/sulp/tonyloxva,e//iyl_3oçj 13,16,19,22,25,28- 
nonaoxabicyclo[ 9.9.9]no nacosane (7).-Tlie bicvclic diol (6) 
(215 mg) was dissolved in dry pyridine (3 ml) and cooled to 
0 °C. Methanesulphonvl chloride (0.5 ml) was added 
dropwise with stirring and the mixture was allowed to 
warm up overnight. Ice-cold water (15 ml) was added, and 
the solution was extracted with ether to give a yellow oil. 
Treatment of this oil with decolourising charcoal in hot 
methanol followed by filtration gave a colourless solution, 
which on concentration yielded crystals of the bicyclic di-
nesylate ( 7) (122 mg, 43%), m.p. 91 1  [Found: 1W (mass 
spec.), 638.227 4. C 24H 46015S 2  requires i'W, 638.227 8], 
'r (CDCI 3) 5.76 (4 H, 5, 2 x MsO.CH 2 ), 6.40 (36 H, s, other 
CH,), and 7.03 (6 H, s, 2 x CH,). 
Attempted Hydrogenolysis of the Dinesylate (7).-The 
bicyclic dimesylate (7) (122 mg) was refluxed in dry ether 
(10 ml) in the presence of lithium aluminium hydride (100 
* Same footnote as on page 771.  
mg) for 72 h. The mixture was then cooled and ethyl 
acetate and subsequently water were added to destroy the 
excess of hydride. The suspension was filtered and the 
filtrate was concentrated to afford an oil (80 mg) which was 
subjected to column chromatography on silica gel (ethyl 
acetate as eluant); two major fractions were collected. 
Fraction I was an oil, li-;nellzyl-3,6,9,13,16,l9,22,25,28-
nonaoxabicyclo[9. 9. 9]nonacosan- 1 -yl;nethanol (8) (10 mg, 
11%) [Found: 1W (mass spec.), 466.2789. C22114010 
requires M, 466.277 8], T (CDCI 3) 6.24-6.50 (32 H, m, 
CH2 0H, 6 x OCH,CH,O, and HOICC[CJ121 3 ), 6.56 
(6 H, s, CH3 C[CH210, 7.62br (1 H, s, OH), and 9.10 (3 H, s, 
CH.). Fraction II crystallised and was characterised as the 
bicyclic diol (6) (40 mg, 45%). 
5-Met hyl-c-2-p henyl- (40) and 5-11et hyl-t-2-p henyl- 1,3-
dioxan-r-5-ylnet/zanol ( 41). 22-(a) A solution of 1,1, 1-tris-
(hvdroxyniethyl)ethane (11) (12.0 g) in water (40 ml) and 
concentrated hydrochloric acid (0.6 in]) were heated to 
75 °C. Benzaldehyde (10.6 g) was added and the mixture 
was shaken for 3 h. The white precipitate was filtered off 
and recrystallised from benzene--hexane to afford a crude 
product (12.5 g, 60%). 'H N.m.r. spectroscopy indicated 
that this was a Ca. 7 : 1 mixture of the cis- (40) and trans- (41) 
benzylidene alcohols. A portion was subjected to column 
chromatography on silica gel [light petroleum (b.p. 60-
80°)-ethyl acetate (2 : I v/v) as eluant] to yield the pure 
isomers. Fraction I was the cis-benzylidene alcohol (40), 
m.p. 99-101° [from chloroform-light petroleum (b.p. 
60-80°)] (Found: C, 69.1; H, 7.65%: M - 1, 207. 
C 12 1-1 603 requires C, 69.2; H, 7.75%; 1W, 208), (CDCI 3 ) 
2.44-2.80 (5 H, mn, aromatic), 4.58 (1 H, s, Phd-I), 5.95 and 
6.37 (4 H, 2 AB systems, JAB  11.0 1-Iz, C-4 and -6 CH), 6.13 
(2 H, s, axial CH,-OH), 8.07br (1 H, s, OH), and 9.23 (3 H, s, 
equatorial CH 3). Fraction 11 was the trans-benzylidene 
alcohol (41), m.p. 92940 (from benzene-hexane) (Found: 
C, 69.0; 1-1, 7.8%; M - 1, 207), (CDCI 3) 2.42-2.80 
(5 H, m, aromatic), 4.61 (1 H, s, PhCH), 6.17 (4 H, s, C-4 and 
-6 CH2). 6.69 (2 H, s, equatorial C11 2 -OH), 7.82 (1 H, s, OH), 
and 8.74 (3 H, s, axial CH 3). 
(b) 1.1,1 -Tris(hydroxvmethyl)ethane (11) (10.0 g), fused 
powdered zinc chloride (10.0 g), and benzaldehyde (50 ml) 
were shaken for 12 h. Chloroform (200 ml) was added and 
the mixture was washed with water and then with sodium 
hydrogen carbonate solution. Excess of benzaldehyde was 
removed by evaporation under vacuum to yield crystals of 
the benzylidene alcohols [(40) and (41)] (14.1 g, 81%). 
From 'H n.m.r. spectroscopy, the cis : (vans ratio was 
estimated to be ca. 7 : 1. 
2-Benzvloxymet/zyl-2-methylpropane- 1, 3-diol (42).-(a) A 
suspension of lithium aluminium hydride (2.0 g) in ether 
(100 ml) was added with stirring Over 30 min to boron 
trifinoride-diethyl ether (26 ml) at 0 to - 10 °C. The 
benzylidene alcohols [(40) and (41)] (10.4 g), dissolved in 
ether (100 ml), were then added dropwise with stirring during 
10 mm. The mixture was stirred at 0 to -10 °C for 4 h, 
and then under reflux for 2 h, cooled, and decomposed by 
slow addition of 10% sulphuric acid (500 ml). The ethereal 
layer was separated and the aqueous layer was extracted 
with ether to give an oil (8.0 g). The oil was subjected to 
column chromatography on deactivated alumina (320 g), 
initially with light petroleum (b.p. 60-80°) as eluant, 
gradually changing to dichloromethane and finally ether. 
This procedure afforded crystals of the ;nonobenzyl el/icr (42) 




(6.8 g, 65%), m.p. 48-49 0 [from chloroform–light petroleum 
(b.p. 60-80°)] [Found: C, 68.8; H, 8.85%; M (mass 
spec.), 210. C 12H 18O3 requires C, 68.6; H, 8.65%; M, 210], 
'r (CDCI 3) 2.72 (5 H, s, aromatic), 5.52 (2 H, s, PhCH 2), 
6.28-6.46 (4 H, m, 2 x CH 2 'OH), 6.57 (2 H, s, CH2 0' 
CH 2 Ph), 7.31br (2 H, s, 2 x.011), and 9.20 (3 H, S. CH 3). 
(b) Sodium hydride (12.5 g) was added with stirring to 
dimethyl sulphoxide (250 ml), followed by 1,1,1-tris-
(hydroxymethyl)ethane (11) (25.0 g). The mixture was 
cooled and benzyl chloride (47 ml) was added dropwise with 
stirring during 15 mm. The mixture was then stirred at 
room temperature for 30 h, and, after cooling, water was 
added to destroy the excess of sodium hydride. Extraction 
with chloroform yielded a crude oil (50.1 g), which was 
subjected to column chromatography on alumina [ether–
methanol (98: 2 v/v) as eluant] to afford crystals of the 
nonobcnzyl ether (42) (3.0 g, 10%). 
9-Benzyloxyrnethyl-9-niethyl- 1,4, 7-lrioxacyclodecane 	(43) 
and 	9, 19-Bisbenzyloxyniethyl-9, 19-diniethyl-1,4 ,7, 11,14,17- 
hexaoxacycloeicosane [(44) and (45)] .—The rnonobenzyl ether 
(42) (3.0 g) and diethylerie glycol ditosylate (12) (6.0 g) were 
added to sodium hydride (2.0 g) suspended in dimethyl 
sulphoxide (80 ml) and the mixture was stirred at 50 °C for 
72 h. The mixture was cooled and water was added to 
destroy the excess of sodium hydride. Extraction with 
ether yielded an oil (3.3 g) which was subjected to column 
chromatography on silica gel [ether–light petroleum (b.p. 
60-80°) (3: 2 v/v) as eluant]. One major fraction was 
collected, which was shown by tic. on silica gel [ether–light 
petroleum (b.p. 60-80°) (9: 1 v/v)] to contain two com-
ponents, Rp 0.80 and 0.75. From the nature of the com-
pounds obtained on hydrolysis of this mixture, the product 
was assumed to contain compounds (43)—(45) (0.44 g), nz/e 
560 and 280, 'r (CDC1 3 ) 2.74 (5 H, s, aromatic), 5.54 (2 H, s, 
PhCH2), 6.30-6.82 (14 H, in, other CH 2), and 9.05 (3 H, s, 
CH,).. 
2Bro,nornethyl-2-hYdroxyniethylproPafle- 1, 3-diol (55). 23- 
Pentaerythritol (10) (200 g) was converted into monobromo-
peiitaerythritol (55) (145 g, 49%). m.p. 73-74° (from 
chloroform–ethyl acetate) (lit.,23 74-75°) (Found: C, 29.9; 
H, 5.45; Br, 40.2%. Calc. for C 5H 11BrO3 : C, 30.2; H, 
5.55; Br, 40.1%) by a literature procedure. 23 
1-Oxacyclobutan.e-3, 3-diyldimethanol (56) 24,25—A solution 
of potassium hydroxide (13.0 g) in ethanol (190 ml) was 
added to a solution of monobromopentaerythritol (55) 
(39.8 g) in ethanol (160 ml). The mixture was stirred for 
2 h, refiuxed on a steam-bath for 5 mm, cooled, filtered to 
remove potassium bromide, neutralised with acetic acid, 
and concentrated to yield a viscous residue. Fractionation 
through a Vigreux column yielded the oxetan-diol (56) 
(15.8 g, 70%), b.p. 120-130 ° at 0.5 mmHg (lit., 25 135-
138° at 1-2 mmHg), [(CD3) 2C0)] 5.63 (4 H, s, ring CH.), 
6.31 (4 H, s, 2 x CH 2'OH), and 6.16br (2 H, s, 2 x OH). 
2.6,9,1 2-Tetraoxaspiro[3.9]lrideCane (58) 26.27 and 2,6,9,12,-
16,19,22, 25-ocIaoxadisiro[3. 9.3. 9]hexacosane (57). 27—The 
oxetan-diol (56) (31.6 g) and diethylene glycol ditosylate (12) 
(111.0 g) were added to a suspension of sodium hydride 
(12.0 g) in dimethyl sulphoxide (800 ml) and the mixture was 
stirred at 50 °C for 72h. The mixture was cooled and water 
was added to destroy the excess of sodium hydride. Extrac-
tion with chloroform yielded a crude oil (47.5 g), which was 
23 S. Wawzonek, A. I. Matar, and C. H. Issidorides, Org. Synih., 
Coil. Vol. IV, 1963, p. 681. 
" F. Govaert and M. Beyaert, Proc. Aced. Sci. Amsterdam, 
1939, 42, 790.  
subjected to column chromatography on silica gel [ether–
methanol (9 : 1 v/v) as eluant] to give two major fractions. 
Fraction I, an oil, was the 10-crown-3 derivative (58) (1.6 g, 
3%), M (mass spec.) 188, r (CDCI 3) 5.67 (4 H, s, C-1 and -3 
CH,), 6.10 (4 H, s, C-5 and -13 C11 2), and 6.38 (8 H, s, other 
C11 2). Fraction II (crystalline) was the 20-crown-6 
derivative (57) (4.6 g, 8%), m.p. 85-86 ° (from ether) 
(lit., 86-87 ° ) [Found: C, 57.7; H, 8.3%; M (mass spec.), 
376. CaIc. for C 18H3206 : C, 57.4; H, 8.55%; M, 376], 
'r (CDCI 3) 5.57 (8 H, s, C-1, -3,-15, and -17 CH 2), 6.31 (8 H, s, 
C-5, -13, -18, and -26 CH 2), and 6.37 (16 H, s, other CH 2). 
9_iVTethyl_1,4,7-Irioxacyclodecan-9-ylme/haflol (46) and cis-
and trans- 9,1 9-Din1ethyl- 1,4,7,11,14,1 7-hexaoxacycloeicosave-
9,19-diyldi;nethanol [(47) and (48)].—The mixture of benzyl 
ethers (43)—(45) (0.44 g) was dissolved in methanol (50 ml) 
and 10% palladium–carbon (50 mg) was added. The 
mixture was subjected to hydrogenolysis until hydrogen 
absorption ceased, then filtered and concentrated to give an 
oil (0.33 g) which was subjected to column chromatography 
on silica gel [ether–methanol (95 : 5 v/v) as eluant]. Two 
major fractions were isolated. Fraction I was an oil (J? 
0.3 in ether on silica gel), characterised as 9-niethyl-1.4,7-
trioxacyc1odecan-9-ylnethanol (46) (0.10 g, 4%), Al (mass 
spec.) 190, 'r (CDCI 3) 6.28 and 6.47 (4 H, 2 AB systems, 
JAB 11.0 Hz, C-8 and -10 CH 2), 6.32 (8 H, s, 2 x OCH 2 
CH 0 O), 6.56 (2 1-1, s, CH.-OH), 7.00br (1 H, s, OH), and 9.21 
(3 H, s, CH,). Fraction II (RF 0.1 in ether on silica gel) 
crystallised as a mixture of cis- and trans-9, 19-dimelhyl-
1,4,7,11,14,1 7-hexaoxacycloeicosane-9, 1 9-diyldinethanol [(47) 
and (48)] (0.22 g, 8%), m.p. 51-53 ° (from ether), ill (mass 
spec.) 380, (CDCI 3) 6.39 and 6.48 (28 H, 2 s, CH 2), 6.90br 
(2 H, s, 2 x OH), and 9.17 (6 H, s, 2 x CH 3), & ( CDC1 3) 
76.2 and 76.0 (2 x cis-CH 2 'OH and 2 x trans-CH 2 '01­1), 
72.2 and 71.6 (4 x O'CH,'CH3'O), 69.6 (C-8, -10, -18, and 
-20), 41.8 (C-9 and -19), and 18.5 (2 x CH 3). 
cis- and trans-9, I 9-Dimelhyl-1 ,4,7, 11,14,1 7-hexaoxac)'clo-
eicosane-9, 1 9-diyldinzelhanol [(47) and (48)].—The 20-crown-6 
dispiro-derivative (57) (0.20 g) was dissolved in dry ether 
(25 ml) and lithium aluminium hydride (0.20 g) was added. 
The mixture was refluxed for 48 h and then cooled. Ethyl 
acetate and water were added to destroy the excess of 
hydride. The suspension was filtered and evaporated to 
yield an oil, which gave crystals of the cis- and trans-diols 
[(47) and (48)] (0.20 g, 99%), 8C (CDCI 3) 76.2 and 76.0 
(2 x cis-CH.-OH and 2 x trans-CH,-OH), 72.1 and 71.5 
(4 x O'CH0CH3'O), 69.6 (C-8, -10, -18, and -20), 41.6 (C-9 
and -19), and 18.4 (2 x CH 3). 
5, 5'-Dimethyl-c- 2,c'-2'-diphenyl-r-5,r'-5'-rnethylenebis (oxy-
nzethylen.e)di- 1, 3-dioxan (49) .—The cis-benzylidene alcohol 
(40) (0.20 g) was added to a suspension of sodium hydride 
(0.20 g) in dimethyl sulphoxide (25 ml). Dichloromethane 
(0.3 ml) was added during I h and the mixture was stirred 
at 30 °C for 48 h. The suspension was cooled and water was 
added to destroy the excess of sodium hydride. Extraction 
with chloroform yielded an oil (0.21 g) which crystallised 
from ethanol to give the acyclic nzethylene acelal (49) (0.14 g, 
65%), m.p. 81-82° (needles from ethanol) [Found: C, 70.1; 
H, 7.75%; 111 (mass spec.), 428. C 25H 32O6 requires C, 70.1; 
H, 7.55%; Al, 428], r (CDCI 3) 2.46-2.80 (10 H, s, aromatic), 
4.62 (2 H, s, 2 x PhCH), 5.24 (2 H, s, O'CH 2 'O), 5.96 and 
25 C. H. Issidorides and A. I. Matar, J. Amer. Chem. Soc., 1055, 
77, 6382. 
26  J w Haskins, jun., Du Pont Innovation, 1974, vol. 5 i no. 
3, P. 10. 
27 C. G. Krespan, J. Org. Chem., 1974, 39, 2351. 
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6.43 (8 H, 4 AB systems, JAB  11.0 Hz, C-4, -6, -4', and -6' 
CH,), 6.22 (4 H, s, other CH,), and 9.24 (6 H, s, 2 X CH,). 
5,5'-Dineihyl-2, 2'-diphenyl-5 , 5'-me/hylenebis(oxymethyl-
ene)di-1,3-dioxan (49)—(51).—A mixture of the cis- and 
trans-benzylidene alcohols (40) and (41) (10.4 g) was added 
to a suspension of sodium hydride (3.5 g) in dimethyl 
sulphoxide (350 ml). Dichioroinethane (17 ml) was added 
during 1 h and the mixture was stirred at 30 °C for 48 h. 
The mixture was then cooled and the excess of sodium 
hydride was destroyed with water. Extraction with 
chloroform yielded an oil, which was treated with decolour-
ising charcoal in boiling ethanol to afford crystals of the 
acyclic methylene acetals (49)—(51) (6.2 g, 59%). 'H 
N.m.r. spectroscopy (CDC1 3) indicated that this product was 
a mixture of three diastereoisomers. 
2,8-Bishydroxymelhy1-2, 8-dimelhyl-4, 6-dioxanonane- 1,9-
diol (52) .—A mixture of the acyclic methylene acetals (49)----
(51) (1.50 g) was dissolved in ethanol (100 nil) and 10% 
palladium–carbon (150 mg) was added. The mixture was 
subjected to hydrogenolysis until 4.0 mol. equiv. of hydrogen 
had been absorbed, then filtered and concentrated to give 
crystals of the tetraol (52) (0.88 g, 100%), m.p. 87 0 [from 
ether–petroleum(b.p. 60-80°)] (Found: C, 52.5; H, 9.75%; 
M + 1, 253. C J1H,406 requires C, 52.4; H, 9.6%; M, 
252), 'r [(CD 3 ) 2CO–D 2 0] 5.37 (2 H, s, O.CH,0), 6.30 (4 H, 
s, C-3 and -7 CH,), 6.56 (8 H, s, other CH,), and 9.15 (6 H, s, 
2 x CT-I,). 
1,1 1-Dirnethyl-3,6, 9,13,16,19, 22,24-octaoxabicyclo[9.9.5]-
pentacosane (53).—(a) The tetraol (52) (2.00 g) was added to 
a suspension of sodium hydride (3.00 g) in 1,2-dimethoxv-
ethane–dimethyl sulphoxide (3: 1 v/v; 200 ml), and diethyl-
ene glycol ditosylate (12) (6.60 g), dissolved in the same 
mixed solvent (160 ml), was added over 5 h to the stirred 
mixture at 50 °C. The mixture was stirred for a further 
17 h at 50 °C and then cooled. Water was added to destroy 
the excess of sodium hydride. Extraction with ether 
yielded an oil (1.40 g), which was subjected to column 
chromatography on silica gel (ether as eluant) to give the 
bicyclic nietliylene ace/al (53) (20 mg, 0.7%), m.p. 109-111°, 
M (mass spec.) 392, (CDCI 3) 5.44 (2 H, s, O.CH 2 0), 6.38 
(16 H, s, 4 x OCH,CH,'O), 6.48, 6.50, and 6.56 (12 H, 3 s, 
other CH,), and 9.07 (6 H, s, 2 x CH,). 
(b) A mixture of the cis- and trans-diols (47) and (48) 
(340 mg) and N-bromosuccinimide (320 mg) were stirred in 
dry dimethyl sulphoxide (30 ml) at 50 °C for 48 Ii. Satur -
ated sodium hydrogen carbonate solution was added until 
the mixture was neutral. Extraction with chloroform 
yielded an oil (270 mg), which was subjected to column 
chromatography on silica gel (ether as eluant) to afford two 
major fractions. Fraction I contained crystals of the 
bicyclic ace/al (53) (8 mg, 2 0/lo ). The 'H n.m.r. spectrum of 
this product in CDC1 3 was identical with that obtained 
previously for the bicyclic acetal (53). Fraction II was an 
oil corresponding to the cis- and Irans-diols (47) and (48) 
(200 mg, 59%). 
cis-9, 1 9-Dinzethyl- 1,4,7,11,14,1 7-hexaoxacycloeicosane-9, 19-
diyldiniethanol (47).—The bicyclic. acetal (53) (8 mg) was 
dissolved in N-sulphuric acid (10 ml) and acetone (2 nil) and 
the mixture was refiuxed for 45 nun. The solution was 
neutralised with saturated sodium hydrogen carbonate 
solution. Extraction with chloroform yielded an oil, which 
was characterised as the cis-diol (47) (7 mg, 90%), AT (mass 
spec.) 380, go (CDCI,) 76.2 (2 x cis-CH. -OH), 72.0 and 
71.6 (4 x OCH,'CH,O), 69.6 (C-8, -10, -18, and -20), 41.6 
(C-9 and -19), and 18.6 (2 x CH3). 
1,1 1-Dirnet/iyl-3 , 6,9,13,16,19, 22,25,28-nonaoxabicyclo-
[9.9.9]nonacosane (9).—(a) The mixture of cis- . and trans-
diols (47)'and (48) [obtained from reduction of the dibenzyi 
ethers (44) and (45)] (1.47 g) and diethylene glycol ditosylate 
(12) (1.60 g) were added to sodium hydride (1.50 g) suspen-
ded in 1,2-dimethoxyethane (250 ml), and the mixture was 
stirred for 48 ii at 50 °C. It was then cooled, and water was 
added to destroy the excess of sodium hydride. Extraction 
with ether yielded an oil (1.07 g), which was subjected to 
column chromatography on silica gel (ether as eluant). 
Crystals were isolated and characterised as the di,nethyl[2]-
cryptand (9) (0.15 g, 7%), nip. 59-60° [from light petroleum 
(b.p. 60-80°)] [Found: C, 58.7; H, 9.25%; AT (mass spec.), 
450.283 9. C,,H 4209 requires C, 58.7; H, 9.4%; 
450.282 9], r (CDC1 3) 6.38- (24 H, s, 6 x OCH2CH 2 0), 6.54 
(12 H, s, other CH,), and 9.09 (6 H, s, 2 x CH,). 
(b) The mixture of cis- and trans-diols (47) and (48) 
[obtained from reduction of the bisoxetan polyether (57)] 
(200 mg) and diethylene glycol ditosylate (12) (200 mg) were 
added to sodium hydride (300 mg) suspended in 1,2-
dimethoxyethane (20 ml) and the mixture was stirred for 
48 h at 50 °C. It was then cooled and water was added to 
destroy the excess of sodium hydride. Extraction with 
ether yielded an oil (157 mg), which was subjected to column 
chromatography on silica gel (ether as eluant) to give the 
dimethyl[2]cryptand (9) (43 mg, 17%), m.p. 59-60° 
[from light petroleum (h.p. 60-80°)]. 
RESULTS AND DISCUSSION 
At the outset various synthetic routes were devised 
for the preparation of the [2]cryptands, (6) and (9), from 
pentaerythritol (10), -1,1,1 -tris(h) , droxymethyl)ethane 
(1-1), and diethylene glycol ditosylate (12).20 The 
problem and its associated characteristics finds general 
expression in Figure 2. A requirement of any synthetic 
approach is the formation of six carbon–oxygen bonds. 
Exploratory experiments based on the chance that a 
template effect 2,4,9,28  involving the metal cation associ-
ated with the base might induce cryptand formation 
ruled out the ' shotgun ' approach. 9 It was also antici-
pated, with subsequent justification, that no advantage 
would be gained by resorting to the use of high dilution 
techniques because of the relatively slow formation of 
carbon–oxygen bonds (cf. carbon–nitrogen bond form-
ation in the synthesis of [2]cryptands with bridgehead 
nitrogen atoms 5.11).  CPK models revealed that the 
in,in ' isomer of the [2]cryptands (5)—(9) is unlikely to 
be formed because of large steric interactions involving 
the bridgehead C-substituents. Although the 'in,out' 
isomer is capable of existence, it should be readily 
differentiated from the out,out ' isomer by n.m.r. 
spectroscopy. In the ' out,out ' isomer, the potential 
of these ligands—with all nine ether oxygen atoms 
capable of lining the inside of an approximately spherical 
cavity—for binding metal cations with at least the ionic 
radius (1.49 A) 5 of the rubidium cation is indicated. 
Furthermore, if the formation of [2]cr3 , ptates should 
occur, then, unlike their nitrogen analogues, they would 
be expected to be stable over a wide range of pH. 
28 R. N. Green, Tetrahedron Letters, 1972, 1793. 
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Finally, with regard to the [2]cryptands (6) and (9), 
whereas the hydroxymethyl groups in (6) are potential 
chemical 'handles', the methyl groups in (9) have 
attractions as 'H n.m.r. probes. 
Our first successful approach to the synthesis of the 
bishydroxymethyl[2]cryptand (6) employed the principle 
of forming an acyclic methylene acetal bridge between 
two appropriately substituted pentaerythritol residues. 
This line of attack is reminiscent of our stereospecific  
acid or Amberlite CG-120 resin (11 1 form) yielded a 
mixture of the unhydrolysed diacetal (13), the diol (14),19 
and pentaerythritol (10). A solvent extraction proced-
ure afforded the diol (14) in 41% yield. Benzoylation 
with 0.8 mol. equiv. of benzoyl chloride gave the mono-
benzoate (15) as the major product together with a small 
amount of the dibenzoate (16). 
Although initial attempts to prepare the dibenzoate 
(18) from pentaerythritol (10) via the intermediate 
r\ T 
OH 	
IsO 	0 	OTs 	
HO 	 (10) R = CH2OH 
	
R__-0H TsO'1O1,.OTs 	HO R 
OH 	 HO 	
(11) R=Me 
IsO 	0 	OTs j 
(12) 
—4 1 ~,~lvesf o~,,,t on ~OC — ~Ob onds 
No inversion at the bridgeheads 
isomers? 
R __C0--L'0-1'0 J__ R -' f 	Rigid - cation selectivity 
' —" "\—." 	 [2]Cryptates - stable over a 
wide range of pH? 
(6) R = CH20H 	 cal'handLe 
(9) R = Me ____-. probe 
FIGURE 2 A schematic representation of the formation of the (2]cryptands (6) and (9) from pentaerythritol (10) and 1,1,1- 
tris(hydroxymethyl)ethane (II), respectively 
synthesis 17,29 of the trans, anti, trans- and trans,syn,trans-
isomers of dicyclohexyl-18-crown-6 from the diastereo-
isomeric (±) - and meso-2,2'-methylenedioxydicyClo-
hexanols 17,2931 and involved stepwise condensation of 
three diethylene glycol ditosylate residues with suitably 
constructed diols at appropriate steps. Not only can 
acyclic methylene acetal bridges provide useful '1-I n.m.r. 
probes for stereochemical information, 17' 293' but their 
introduction also represents, we believe, a more efficient 
means of bringing together two residues, each containing 
a non-phenolic hydroxy-group, than do base-promoted 
substitutions with, say, diethylene glycol ditosylate (12) 
(see later). 
The reaction of pentaerythritol (10) with paraformal-
dehyde under conditions of acid catalysis afforded the 
dispiro-compound (13). 1 8 Partial acidic hydrolysis of 
this diacetal (13) in the presence of either N-sulphuric 
" J. F. Stoddart and C. Al. Wheatley, J.C.S. Chem. Comm., 
1974, 390. 
30 F. S. H. Head, J. Chem. Soc., 1960, 1778.  
monobenzoylpentaerythritol (17) were successful, the 
overall yield of the desired acyclic methylene acetal 
bridged product (18) was low. Benzoylation of penta-
erythritol (10) afforded monobenzoylpentaerythritol (17). 
in 24% yield (based on the use of 0.3 mol. equiv. of 
benzoyl chloride). Treatment of the triol (17) with para-
formaldehyde in the presence of concentrated sulphuric 
acid resulted in partial de-O-benzoylation and isolation 
of the diacetal (13) as the major product, with the di-
benzoate (18) constituting only a minor component. 
Attempts at acid-catalysed acetal exchange reactions 
between the monobenzoate (16) and dimethoxymethane, 
1, 1-dimethoxyethane, and 2,2-dimethoxypropane re-
sulted in the mixed acetals (19)—(21), respectively. 
None of the fully exchanged acetals were formed, in 
keeping with previous observations 32 for acid-catalysed 
' T. B. Grindley, J. F. Stoddart, and W. A. Szarek, J. Amer. 
Chem. Soc., 1969, 81, 4722. 
32 T. Maeda, Bull. Chem. Soc. Japan, 1967, 40, 2122; T. 
'Maeda, M. Kiyokawa, and K. Tokuyarna, ibid., 1969, 42, 492. 
776 
	
J.C.S. Perkin I 
acetal exchange reactions of dimethyl acetals with 
alcohols. 
The dibenzoate (18) was prepared in good yield by 
methylenation of the monobenzoate (15) with dimethyl 
HO 	R' 	 /\ TsO 	0 	0Th 
HOR2 	 (12) 
R'=R 1 :CH2'OH 
R 1 rMe,R 2 CH2-OH 	 0 	0 
(17) R1rCH2.OH,R2rCH2'OBZ 	 ( ) 
(42) R'rMe.R2:CH1'0'CH2Ph 0 	0 
(55) RCH2Br,R 2 rCH2'0H 	 (13) 
R 2 
R1__X 
0: Y R 3 
(14) R'= H, R 2 R 3 CH2'OH 
(15) R'rH, R 2 :CH2 0Bz. R 3,CH20H 
(16) RH,R 2:R 3 rCH2'0B2 
R'H, R 2 rCH2 OBz, R 3 rCH20'CH2'OMe 
R' = H, R 2 : CH2OBz, R 3,r CH2OCHMe'OMe 
RH, R2 CH2'06z, R 3 =CH.0'CMe2'OMe 
R'' Ph, R 2 =R 3 CHOH 
R Ph, R 2 : R 3 CH2-0CH2'CH:CH2 
Rr Ph, R 2 =CH2 •0CH2CH :CH2,R 3 =CH2OH 
R t ,Ph, R 2 CH2OH, R 3 CH20CH2CH CH 
R 1 r Ph, R 2 r R 3 : CH2 0CH2'CH2 0H 
R Ph, R2 r R 3 r CH2 0CH2CH2'OTs 
R Ph, R 2 CH2OCH2CH2OH. R 3 CH20'CH2' CH2OTs 
R'= Ph, R 2 CH2OCHvCH2'OTS, R 3 r CH2 .00H2'CH2'OH 
(40) R: Ph, R 2rr Me, R 3=CH2OH 
(41) R 1 ,r Ph, R 2 :CH 2 OH, R 3 ,rMe 
R'=CHMe2,R 2 =Me, R 3=CH2'OH 
RCHMe2 , R 2 =CH 2 0H, R'=Me 
R'=CHMe2, R 2 = Me, R 3rCH2'OMe 
R'=CHMe2, R2 :CH 2 'OMe, R 3 =Me 
R 1 =CHMe2,R 2 =Me, R 3 = NO2 
R t =CHMe1, R2 =NO2.R 3 : Me 
suiphoxide in the presence of 2 mol. equiv. of N-bromo-
succinimide.' When this methylenation procedure was 
applied to monobenzoylpentaerythritol (17), with 3 mol. 
equiv. of N-bromosuccinimide, a good yield of the mono-
benzoate (15) was obtained. Increasing the proportion 
of N-bromosuccinimide to 6 mol. equiv. resulted in 
equimolar amounts of the monobenzoate (15) and the 
dibenzoate (18). Practical difficulties encountered in 
the preparation of large quantities of monobenzoyl-
pentaerythritol (17) render these direct approaches to 
" S. Hannessian, G. Yang-Chung, P. Lavallee, and A. G. 
Pcrnct, J. Amer. Chem. Soc., 1972, 94, 8929; S. Hannessian, P. 
Lavallee, and A. G. Pernet, Carbohydrate Res., 1973, 26, 258. 
34 G. H. Whitharn, personal communication, 1\ovember 1972. 
the dibenzoate (18) less attractive than the indirect 
route already described. 
De-O-benzoylation of the dibenzoate (18) with sodium 
methoxide in methanol afforded the diol (22) in high 
yield. The reaction between the diol (22) and diethylene 
glycol ditosylate (12) with sodium hydride as base in 
1,2-dimethoxyethane yielded 39% of the dispiro-com-
pound (23). In dimethyl suiphoxicle with the same 
reagents the yield of the dispiro-compound (23) was 
25%. However, yields were not optimised in either 
reaction. Selective acid-catalysed hydrolysis of the 
methylene acetal function in the largest ring of (23) 
afforded the diol (24) in high yield. Finally, the reaction 
of this diol (24) with diethylene glycol.ditosylate (12) 
and sodium hydride in 1,2-dimethoxyethane gave a 21% 
yield of the 20-crown-6 derivative (25). This crown 
compound (25) was subsequently prepared directly in a 
four-molecule condensation by treatment of the diol (14) 
with sodium hydride and diethylene glycol ditosylate (12) 
in dimethyl suiphoxide. Acid-catalysed hydrolysis of 
the diacetal (25) afforded the tetraol (26), which, on treat-
ment with benzaldehyde in the presence of an acid 
catalyst, gave the dibenzylidene dispiro-derivative (27) 
in 59% yield 
The dibenzylidene dispiro-derivative (27) was also 
obtained from pentaerythritol (10) in two other ways 
via the common intermediate, monobenzyiidcne penta-
erythritol (28).21 One approach was the four-molecule 
condensation of the diol (28) with diethylene glycol 
ditosylate; 16  the other was a two-molecule condensation 
of the ' half-crown ' diol (32) with its ditosvlate (33) 3435 
Pentaerythritol (10) was converted into its O-benzvl-
idene derivative (28) with benzalciehycle under acid-
catalvsed conditions. 2' Treatment of the diol (28) with 
aIlvI bromide in benzene (potassium hydroxide as base) 
afforded the diallyl ether (29) in 63% yield. The di-
astereoisomeric monoallvl ethers, (30) and (31), were also 
isolated from this reaction and were characterised by 
'H n.m.r. spectroscopy (see Addendum). Ozonolysis of 
the diallyl ether (29) at -78 °C in methanol followed by 
reductive work-up with sodium borohydride in aqueous 
ethanolic solution at -10 °C afforded the extended ciiol 
(32) in excellent yield. Treatment of this' half-crown 
diol (32) with tosyl chloride in pyridine at 0 °C followed 
by column chromatography on silica gel yielded a 19% 
yield of the ' half-crown' ditosylate (33) and a ca. 1: 1 
mixture. (from integration of a 'H n.m.r. spectrum) of 
the diastereoisonieric monotosylates (34) and (35). 
Finally, the dibenzyhidene dispiro-derivative (27) was 
obtained in 21% yield from the ' half-crown ' ciiol (32) 
and sodium hydride with the ' half-crown ' ditosylate (33) 
in dimethyl suiphoxide. 
In the other approach to the dibenzylidene dispiro-
derivative (27), the diol (28) was treated with diethvlene 
glycol ditosylate (12) in dimethyl suiphoxide, with 
" W. D. Curtis, D. A. Laidler, J. F. Stoddart, and G. H. Jones, 
J.C.S. Chem. Comm., 1975, 8:33, 835; W. D. Curtis, R. M. King, 
J. F. Stoddart, and C. H. Jones, ibid., 1976, 284; D. A. Laidler 
and J. F. Stoddart, ibid., p. 979. 
1977 
sodium hydride as base. Not only was the 20-crown-6 
derivative (27) obtained from this mixture after column 
chromatography on alumina, but the 10-crown-3 (36) 
and 30-crown-9 (37) derivatives were also isolated in 6 
and 5% yield, respectively. When this reaction was 
repeated under similar conditions, but with 1,2-dimeth-
oxyethane as solvent, t.1.c. indicated that the proportions 
of the products were almost identical with those obtained 
when dimethyl suiphoxide was used. 
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[2]cryptand (6) via the intermediate bisbenzyloxymethyl-
[2]cryptand (5). Treatment of (27) with lithium alumin-
ium hydride—boron trifluoride complex effected partial 
hydrogenolysis of the benzylideiie acetal rings and 
afforded two diastereoisomeric diols, (38) and (39), which 
could be separated by column chromatography on silica 
gel. The diol (39) underwent a further condensation 
with diethylene glycol ditosylate (12) in 1,2-dimethoxy-
ethane in the presence of sodium hydride to give the 
~ XO—CH X0 
(23) 
•rTh T_\ 




(25) R = H 






( 0 	 0) 
O 
Ph 	0  
(37) 	
0 	Ph 
Although the 20-crown-6 derivative (27) is suspected 
to be a mixture of diastereoisomeric dispiro-compounds, 
it exhibits a sharp m.p., migrates as a homogeneous 
component on t.l.c., and provides 1 H and broad-band-
decoupled 13C n.m.r. spectra characteristic of one com-
pound. The isomerism, which is associated with differ-
ent relative orientations (cis - and trans-) of the phenyl 
groups attached to the acetal carbon atoms, is lost in 
subsequent reactions. Catalytic hydrogenolysis, for 
example, affords the tetraol (26) quantitatively. 
The dibenzylidene dispiro-derivative (27) is a key 
compound in the synthesis of the bishydroxymethyl- 
bisbenzyloxymethYl[2]CrYPtafld (5) in 30% yield. 
Under the same conditions, the diastereoisorncric diol 
(38) did not react. On the basis of these observations, 
and on the assumption (see later for the proof) that only 
the ' out,out ' isomer of the bisbenzyloxymethyl[2]-
cryptand (5) is formed, the diol (38) has been assigned 
the trans-  and the diol (39) the cis-configuration. Cataly -
tic hydrogenolysis of the dibenzyl ether afforded the 
bishydroxymethyl[2]crYptafld (6) quantitatively. In 
the hope that it might be possible to effect liydrogcnolysis 
31 A. R. Abdun-Nur and C. H. Issidorides. J. Org. Cliern., 1962, 
27, 67; E. L. Eliel and M. Rerick, ibid., 1958, 23, 1088. 
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of a suitable derivative of this diol (6) with lithium 
aluminium hydride, the dimesylate (7) was prepared. 
However, treatment of (7) with lithium aluminium 
hydride in ether under reflux yielded the bishydroxy-
methyl[2]cryptand (6) as the major product together 
with small amounts of the methyl-hydroxymethyl[2]-
cryptand (8). This result was not unexpected since the 
reaction to form the dimethyl[2]cryptand (9) would 
involve displacement of mesylate ions by hydride ions at 
two neopentyl centres. Reactions of this type are 
known 37  to be unfavourable and other methods of 
reduction have usually been employed. In the present 
situation, however, no other methods of reduction were 
explored because of the availability of only small 
quantities of the dimesylate (7). 
More direct methods for the synthesis of the dimethyl-
[2]cryptand (9) had to be developed and these will now 
be discussed.- In fact, (9) has been synthesised by two 
independent routes, one from 1,1, 1-tris(hydroxymethyl)-
ethane (11) and the other from pentaerythritol (10). 
Both routes involve four-molecule condensations to give 
20-crown-6 derivatives, which are then transformed into 
the dirnethyl[2]cryptand (9). 
1, 1, 1-Tris(hydroxymethyl)ethane (11) can be con-
verted 22  under conditions of acid catalysis with benz-
aldehyde into a diastereoisorneric mixture of benzylidene 
acetals, (40) and (41), which were separated by column 
chromatography on silica gel. 1H N.m.r. spectroscopy 
indicated that the ratio of the diastereoisomers in the 
crude reaction mixture was ca. 7: 1 under the conditions 
employed. On the basis of chemical shift data (see 
Addendum), the major product was identified as the 
isomer (40) with the phenyl and hydroxymethyl groups 
cis, and the minor product as the isomer (41) with these 
groups trans. Better yields-of these benzylidne deriv-
atives, (40) and (41), were obtained by treating the triol 
(11) with benzaldehyde in the presence of zinc chloride 
as catalyst, although isolation of the product was more 
difficult in this case. Once again, the relative propor -
tions of (40) and (41) were ca. 7: 1 ( 1H n.m.r. spectro-
scopy). This ratio probably corresponds to the propor -
tions established under equilibration conditions (see 
Addendum). Although both diastereoisomers were 
separated and characterised, it was more convenient to 
use the diastereoisomeric mixture, (40) and (41), in the 
next step, treatment with lithium aluminium hydride—
boron trifluoride 3l to give the monobenzyl ether (42). 
This method of preparation of the monobenzyl ether (42) 
proved more satisfactory than direct monobenzylation of 
1, 1, 1 -tris (hydroxymethyl) ethane (11). Treatment of the 
trio! (11) with 2.5 mol. equiv. of benzyl chloride in 
dimethyl sulphoxide yielded only 10% of the ether (42). 
Treatment of the monobenzyl ether (42) with diethvlene 
glycol ditosylate (12) in dimethyl suiphoxide in the 
presence of sodium hydride gave a mixture of the 10-
crown-3 derivative (43) and the 20-crown-6 derivatives 
(44) and (45). This mixture was obtained from the 
7 L. J. Dolby and D. R. Rosencrantz, J. Org. Chem., 1963, 28, 
1888.  
crude product after column chromatography, without 
any purification with respect to any of the components. 
The mixture of the 10-crown-3 (43) and 20-crown-6 
[(44) and (45)] derivatives was subjected to catalytic 
hydrogenolysis, and the product was chromatographed 
on silica gel to yield the pure alcohol (46) as an oil, 
together with crystals of the diastereoisomeric diols (47) 
ad (48). The presence of two 20-crown-6 derivatives, 
(47) and (48), was indicated by the observation (Figur(.! 3) 
of seven peaks in the broad-band decoupled 13C n.m.r. 
spectrum. The pure cis-diol (47) obtained by stereo-
specific synthesis (see later) exhibited (Figure 3) only six 
Sc 
FIGURE 3 Line representations of the broad-band decoupled 
13C n.m.r. spectra of (a) the pure cis-diol (47) obtained stereo-
specificially from the bicyclic methylene acetal (53), (b) the 
cis- and trans-diols (47) and (48) obtained on catalytic hydro-
genolysis of the dibenzvl ethers (44) and (45), and (c) the cis-
and trans-diols (47) and (48) obtained on reductive ring opening 
of the bisoxetan (57) 
peaks in the broad-band decoupled 13C n.m.r. spectrum. 
The product from the hydrogenolysis of the dibenzyl 
ethers, (44) and (45), gave two peaks at low field (h 76.2 
and 76.0) in the ratio ca. 2 : 1, whereas the pure cis-diol 
(47) gave only one peak at low field (a 76.2). Accordingly, 
the cis : trans ratio is ca. 2 : 1 in the mixture of the 
diastereoisomeric diols (47) and (48). We could not 
separate them, not even by high-pressure liquid chrom-
atography. Thus, the final step in the synthesis had to 
be carried out on the mixture. Nonetheless, the reaction 
of the diastereoisomeric diols, (47) and (48), with diethyl-
ene glycol ditosylate (12) and sodium hydride in 1,2-
dimethoxyethane yielded 7% of the dimethyl[2]cryptand 
(9). 
38 S. Masamume, P. A. Rossy. and G. S. Bates, J. Amer. Chem. 




The cis-diol (47) was synthesised stereospecifically 
from the benzylidene acetal (40) as well as from the 
diastereoisomeric mixture of benzylidene acetals (40) and 
(41). The pure isomer (40) was converted into the 
acyclic methylene acetäl (49) in good yild with sodium 
hydride and dichloromethane in dimethyl sulphoxide. 39 
The diastereoisomeric mixture of benzylidene acetals, 
(40) and (41), reacted under similar conditions to give a 
diastereoisomeric mixture of acyclic methylene acetals 
(49)—(51). 1H N.m.r. spectroscopy indicated that all 
0
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macrocyclic portion in the bicyclic methylene acetal (53), 
and cannot thread itself through the middle of the 20-
crown-6 macrocyclic portion. Consequently, acid-
catalysed hydrolysis of the bicyclic methylene acetal (53) 
yielded the cis-diol (47) stereospecifically. It had been 
hoped that the bicyclic methylene acetal (53) would be a 
useful intermediate from which the dimethyl[2]cryptand 
(9) could be synthesised, but this hope was not justified by 
the low yields associated with both routes to (53). 
Attempts to prepare the oxyhis(ethyleneoxy)-bridged 
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(57) 
three isomers were present. Catalytic hydrogenolvsis 
of both the diastereoisomeric mixture (49)—(51) 
and the pure isomer (49) afforded the tetraol 
in quantitative yield. In the mixed solvent 1,2-
dimethoxyethane–dimethyl sulphoxide, and in the 
presence of sodium hydride, the tetraol (52) reacted with 
diethylene glycol ditosylate (12) to afford the bicyclic 
methylene acetal (53) in 1% yield after column chrom-
atography on silica gel. The bicyclic methylene acetal 
was also prepared, in 2% yield, by methylenation of 
the diastereoisomeric diols, (47) and (48), with dimethyl 
suiphoxide in the presence of 2 mol. equiv. of N-bromo-
succinimide. 	CPK models revealed that the methylene 
acetal bridge can only span the face of the 20-crown-6 
39 W. Bonthrone and J. W. Cornforth, J. Chem. Soc. (C), 1969, 
1202.  
analogue (54) of the acyclic methylene acetal (49) by 
base-promoted condensation of the benzylidene acetal 
(40) with diethylene glycol ditosylate (12) were unsuccess-
ful. 
Finally, the dimethyl[2] crypt and (9) was also synthe-
sised from pentaerythritol (10). Treatment of the tetraol 
(10) with hydrobromic acid afforded 23  monobrorno-
pentaerythritol (55), which gave 24,25  the oxetan-diol (56) 
on treatment with ethanolic potassium hydroxide. The 
reaction of the oxetan-cliol (56) with sodium hydride and 
diethylene glycol ditosylate (12) in dimethyl sulphoxide 
afforded the dispiro-20-crown-6 derivative (57) 25,27  and 
the spiro-10-crown-3 derivative (58) 27  in 8 and 3% 
yield, respectively. Reductive ring opening of the 
oxetan rings of the dispiro-compound (57) with lithium 
aluminium hydride yielded the diastereoisomeric diols, 
(47) and (48). The presence of two diols was indicated 
by the observation (Figure 3) of seven peaks in the broad-
band decoupled 13C n.m.r. spectrum. The relative 
intensities of the low field signals at 8 76.2 and 76.0 
indicated that the cis : trans ratio was ca. 1 : 1. The 
dimethyl[2]cryptand (9) was obtained in 17% yield after 
column chromatography on silica gel of the crude 
product from the reaction of the diols, (47) and (48), with 
sodium hydride and diethylene glycol ditosylate (12) in 
1 ,2-dimethoxyethane. 
Topology of the [2]Crypiands (5)—(9).—The 'H n.m.r. 
spectra of the [2] cryptands (5), (7), and (9) are character -
istic of compounds in which the bridgehead carbon 
atoms have the opposite spatial sense. The fact that 
isochronous signals are observed for constitutionally 
related protons in all these [2]cryptands is consistent 
with a topology where the two ends of the molecules are 
related by symmetry. Since the in,in ' isomers 
cannot be formed, it is concluded that all three [2]-
cryptands exist as their ' out,out' isomers. On account 
of their synthetic derivations, the other two [2]cryptands 
[(6) and (8)] must also exist as the ' out,out ' isomers. 
In the case of the bishydroxymethyl[2]cryptand (6) this 
conclusion is vindicated by its X-ray crystal structure. 40 
Complex Formation between [2]Cryptands with Bridge-
head Carbon Atoms and Metal Cations.—Preliminary 
experiments indicated that the [2]cryptands (5), (6), and 
(9) solubilised lithium, sodium, potassium, rubidium, and 
caesium ortho-nitrophenolates in chloroform. In addi-
tion, the 20-crown-6 derivatives (25)—(27), (38), (39), 
[(47) and (48)], and (57) all solubilize potassium ortho-
nitrophenolate in chloroform. Potassium permanganate 
is sparingly soluble in benzene (cf. ref. 41) containing the 
[2]cryptands (5) and (9). These [2]cryptands [(5) and 
(9)] also solubilise both sodium and potassium iodides, 
and potassium thiocyanate, in chloroform. 
The 'H n.m.r. chemical shifts of the [2]cryptands (5) 
and (9) undergo appreciable changes on addition * of 
molar proportions of alkali metal salts. In the spectrum 
of the bisbenzylox37methyl[2]cryptand (5) in deuterio-
chloroform, the benzylic methylene protons, the methyl-
ene protons within the bicyclic system, and the benzyl-
oxymethylene protons attached to the bridgehead carbon 
atoms gave rise to three singlets of relative intensities 
1: 9: 1 at 5.52, 6.40, and 6.50, respectively. When 0.5 
mol. equiv. of sodium iodide was added,*  the respective 
protons resonated at 5.55, 6.37, and 6.65 and the high-
field signal had broadened considerably. When a total 
of 1.0 mol. equiv. of sodium iodide had been added,t the 
respective protons resonated at - 5.57, 6.34, and 6.78 and 
the high-field signal was once again sharp. These 
changes in chemical shift may be attributed to complex 
formation, and the line broadening exhibited by the 
high-field signal could arise from slow exchange of sodium 
ions between the complex and the cryptand when these 
* In order to solubilise these salts, a few drops of tetradeuterio-
methanol were added to the deuteriochioroform solution of the 
[2]cryptand. Both solvents were then evaporated off under 
reduced pressure and the non-crystalline residues were found to 
be completely soluble in deuteriochioroforin (cf. ref. 2). 
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two species are present in about the same concentrations 
(i.e. the situation corresponding to the addition of 0.5 
mol. equiv. of sodium iodide). The averaging of the 
chemical shifts as compared with those observed for the 
fully complexed and the free ligand supports the idea 
of a dynamic complex. Decreasing the temperature Of 
the solution containing approximately equimolar 
amounts of the complex and the cryptand down to —50 
°C resulted in broadening of all three singlets. The 
temperature-dependent behaviour was more striking in 
the case of the potassium iodide complex. When 0.5 
mol. equiv. of potassium iodide was added * to a solution 
of the bisbenzy1oxymethyl[2]cryptand (5) in deuterio-
chloroform, three singlets were observed at r 5.54, 6.37, 
and 6.66 (1:9: 1). On cooling the solution to —50°C 
all three signals were broadened considerably and the 
low-field singlet eventually gave rise to two singlets 
separated by 5.2 Hz ('JA - va). Although the tempera-
ture dependence of the high-field signal was less easy to 
discern on account of the neighbouring high intensity 
signal at Ca. 6.37, it was evident nonetheless. The 
general equation for complex ([2]CM) formation by a 
[2]cryptand ([2]C) and solvated (n = number of such 
solvent molecules) monovalent metal cations (v1) is 
given 5 by equation (i), where h a  is the association rate 
h. 
[2]C + 	it solvent 	[2]CM + n solvent (i) 
Ad 
constant and kd is the dissociation rate constant. In the 
case of the benzyloxymethyl[2]cryptand  (5) the tem-
perature-dependent behaviour of the low field signal 
described above can be associated with exchange of 
potassium ions between the complex and the cryptand 
where the rate-limiting step is the dissociation of the 
complex, i.e. kd < ha (cf. refs. 5 and 42). A rate constant 
(k = 12 s-1 ), which was equated with kd, was calculated 
at the coalescence temperature (T —45° C) by using the 
approximate expression 43  k c = (vi - VB)/2 1 for ex-
change of nuclei between two equally populated sites, 
A and B, with no mutual coupling. A value for the free 
energy of dissociation, A GA of 12.1 +0.3 kcal mol' was 
obtained from the Eyring equation in the usual manner. 
'H N.m.r. spectroscopy also indicates 16 that the 
d im ethyl [2]cryptand (9) and potassium thiocyanate form 
a strong complex in solution in deuteriochioroform-
carbon disulphide (2: 1). At room temperature, a sharp 
singlet was observed at 9.12 for the methyl protons in 
the free ligand. On addition * of an equimolar amount 
of potassium thiocyanate, a new well-resolved singlet was 
observed at r 9.23 for the methyl protons. When 0.5 
mol. equiv. of potassium thiocyanate was added * to the 
free ligand, such that in solution there existed equimolar 
amounts of the free ligand and the complexed ligand, the 
40 N. A. Bailey and S. Chidlow, personal communication. 
" D. J. Sam and H. E. Simmons, J. Amer. Chem. Soc., 1972, 94, 
4024. 
42  J. M. Lehn, J. P. Sauvage, and B. Dietrich, ibid., 1970, 92. 
2916. 





methyl protons resonated as a well resolved singlet at 
9.18. This averaged chemical shift suggested that the 
potassium ion was undergoing fast exchange between 
free and complexcd ligands at room temperature. This 
belief was confirmed by cooling the solution to —60 °C 
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FIGURE 4 Observed (full line) and computed (broken line) 
spectra for the exchange of K+ ions between the complex and 
the dimethyl[2]cryptand (9) at various temperatures; p, = 
PB = 0.5 at all temperatures 
9.23 for the methyl protons in the free and complexed 
ligands, respectively. On raising the temperature, the 
two singlets were broadened and eventually coalesced to 
give one singlet at —27 °C. Rate constants (kd) were 
obtained at several different temperatures between —16 
and —51 °C by carrying out line-shape analyses (Figure 
4) with a computer program'" suitable for simulating 
n.m.r. line shapes resulting from exchange of nuclei 
between' two sites with no mutual coupling. The 
corresponding free energies of activation, obtained from 
the Eyring equation in the usual manner, are listed in 
Table 1 and give rise to an average value for of 12.3 
d0.3 kcal mol'. 
Thus it appears that the [2]cryptands (5) and (9) form 
" 1.0. Sutherland, Ann. Reports N.M.R. Spectroscopy, 1971, 4. 
71.  
strong complexes with potassium ions in aprotic solvents. 
Whether or not complexation is associated with cryptate 
formation is uncertain. However, the complexes are not 
nearly as strong as those formed between metal cations 
and the [2]cryptand (3) with bridgehead nitrogen atoms, 
where the free energy of activation for the dissociation 
process is higher than 12 kcal rno1 1 in all cases, even in 
water as solvent .5.42 This conclusion is borne out by the 
TABLE 1 
Rate constants (kd) and free energies of activation (G) 
for exchange of potassium ions between the free and 
complexed ligands derived when 0.5 mol. equiv. of 
potassium thiocyanate is added to the dimethyl[2]- 
cryptand (9) 	- 
T/°C kd. zGa1 /kCa1 moi' 
—16 346 12.0 
—29 55.0 12.2 
—34 31.1 12.3 
—43 16.2 12.2 
—51 . 	1.78 12.6 
formation of relatively weak complexes by the 121cryp-
tands (5) and (9) in methanol. The concentration 
stability constants for the formation of I : I complexes of 
(5) and (9) with Na, K, Rb, and Cs in methanohc 
solution were measured potent iometrically with ion-
selective electrodes. The stability constants, which are 
defined by the equilibrium constants (k a/k d = K' in I 
mol') for complex formation according to equation (i), 
were obtained essentially by the method described by 
Frensdorff, 45  assuming only I : I complex formation.' 7 
Values of the stability constants (log K') for the complex-
ation of alkali metal cations with the [2]cryptands (5), (6), 
and (9), the diastereoisomeric diols (47) and (48), and the 
bisoxetan-20-crown-6 (57) are recorded in Table 2. 
Since Krespan 27 has reported stability constants for the 
complexation of K ions with the bisoxetan-20-crown-6 
(57) and the oxetan-19-crown-6 (59), these values are also 
included in Table 2. Finally, values n  of log K' for 
18-crown-6 (60) are listed in Table 2 since this compound 
serves as a' standard ' for comparison. 
A number of features and trends in Table 2 deserve 
special mention. (i) The stabilities of the complexes 
between the 20-crown-6 derivatives [(47) and (48)] and 
(57) and Na 4 , K 4 , Rh 4 , and Cs' are a factor of 10-10 
lower (in K') than the values for 18-crown-6 (60). This 
result was not unexpected since Pedersen 46  has noted 
that the introduction of OCH 2 'CH 2 CH 2 O units in place 
of OCH 2 CH2 O units into crown ethers substantially 
decreases their complexing ability. Both 20-crown-6 
derivatives [(47) and (48)] and (57) contain Iwo OCH 2 
CR2 CH 2 0 units. (ii) Comparison of the stability 
constants associated with the K ion complexes of the 
bisoxetan-20-crown-6 (57) [log K' = 1.8 (1.67 from ref. 
27)], the oxetan-19-crown-6 (59) (log K' = 3 . 81) 2 7 and 
18-crown-6 (60) [log K' = 6.08 (6.10 from ref. 45)] leads 
to the conclusion that the introduction of each additional 
45 H. K. Frensdorff, J. Amer. Chem. Soc., 1971, 93, 600. 
46 C. J. Pedersen, J. Amer. Chem. Soc., 1970, 90, 391. 
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carbon atom reduces K' by a factor of about 102.  (iii) 
Although it might he expected that the presence of 
unfavourable 0CH 2 CR2 CH2 0 units in the 20-crown-6 
derivatives [(47) and (48)] and (57) would be more than 
compensated for by the inclusion of another bridge to 
J.C.S. Perkin I 
reduces the stabilities of all the alkali metal cationic 
complexes.. (iv) The [2]cryptands (5) and (9) display the 
same modest selectivities as the 20-crown-6 derivatives 
[(47) and (48)] and (57), i.e. }(f > Rh> Cs > Na 
ions. 
TABLE 2 
Stability constants for 1: 1 ligand-cation complexes based on K' in 1 mol' 
log K'(T/°C) 
Ligand 	 Na 	 Rb 	Cs 
	
,-.o 	0 
PhH2C . 0 .H2C-4OJ 0 .4O
O- 
- CH2O . CHaPh 
0 	0 	0 
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1.16(22) 	2.2(24) 	1.9(24) 	1.6(22) 
1.6(23) 	2.6(25) 	2.3(25) 	1.9(26) 
<0.8(22) 	1.8(23) 	1.4(25) 	0.8(25) 
1.65(25) 
3.81 c(25) 
4.34(22) 	6.08(25) 	5.35(25) 	4.70(22) 
(60) 	
4.32d(25) 6.10(25) 469d(25) 
• log K' ± 0.1 unless otherwise stated for the chlorides. 6  Error of ±0.2. c Ref. 27. d  Ref. 45. 
form [2]cryptands, the results in Table 2 for the [2]-
cryptands (5), (6), and (9) do not corroborate this 
optimism. For example, comparison of the stability 
constants obtained for the 20-crown-6 derivatives 
[(47) and (48)] and the dimethyl[2]cryptand (9) indicates, 
in fact, that the introduction of a third bridge marginally 
The data in Table 2 highlight features concerned with 
the constitutional design of [2]cryptands which must be 
avoided if they are to stand a chance of forming strong 
complexes with metal cations. CPK models indicate 
that when the conformations 'o ' f the bridges in the [2]- 




bicyclic oxygen atoms are oriented inwards, as would be 
expected during complex formation, the cavities are 
ellipsoidal rather than spherical in shape. Since com-
plexes between metal cations and cryptands undoubtedly 
receive their stabilisation from electrostatic interactions 
between the oxygen dipoles and the metal cations, a 
symmetrical cavity 5  with all the dipoles ' focusing' 
towards a central point is expected to provide the ideal 
environment in which a metal cation can be complexed. 
In the case of [1]cryptands, these requirements are 
fulfilled by 18-crown-6 (60). The dipoles can be drawn 
schematically such that they are all oriented towards the 
centre of the cavity (see Figure 5). The crystal struc- 
3o 
+ OyR 
FIGURE 5 Schematic representations of the orientations of the 
oxygen dipoles in K ion complexes of 18-crown-6 (60) and a 
20-crown-6 derivative 
ture 47  of the potassium thiocyanate complex of 18-crown- 
6 (60) is in accord with this structural representation of 
complexes formed by the [2]cryptands (5), (6), and (9) as 
compared with the extremely stable nitrogen bridgehead 
[2]cryptates. There is torsional strain associated with 
gauche-conformations in the OCH,CR,CH 2 O units 
which may help to destabilise complexes. There is also 
the relative rigidity of the carbon bridgehead derivatives 
which could mitigate against strong complex formation. 
The synthesis of macrobicyclic polyethers with bridge-
head carbon atoms based on the 18-crown-6 constitution 
is now essential in order to achieve a better under-
standing of the relative importance of the structural 
features which contribute towards stabilisation and 
destabilisation of their metal cationic complexes. 
ADDENDUM 
Chemical Shifts of the 5-C-Methyl and 5-C-Methylene Pro-
tons in the 'H N.m.r. Spectra of Some 5,5-Disubstituted 2-
Phenyl- 1, 3-dioxan Fragments; Stereochemical Consequences 
and Configurational Assignments—In 2-substituted 1,3-
dioxans, the configurational equilibrium (see Figure 6) 
involves chair conformations as by far the major contribu-
tors and lies very much on the side of the equatorial con-
formation. 4850 The conformational free energy for a 
phenyl group on C-2 is 3.1 kcal rnol'. The most 
favourable conformations for the 5,5-disubstituted 2-1)henvl-
1,3-dioxan derivatives (27)—(31), (33), (36), (37), (40). (41), 
and (49) (see Table 3 for formulae) are therefore expected 
to be chair conformations in which the 2-phenyl group 
occupies an equatorial positior. 
H 2  OH 	— 	R —'s o_ 1 ,._ c H 
CH3 	 . 	 CH2 0H 
(41) R :Ph 	 (40) R =Ph 
(62) R = Pr' (61) R = Pr' 
FIGURE 6 The acid-catalysed equilibration of the cis- and trans-isomers of the 2-phenyl-[(40) and (41)] and the 2-isopropyl- [(61) 
and (62)] 5-hydroxymethyl-5-methyl- 1,3-dioxans 
the complex. In the 20-crown-6 derivatives [(47) and 
(48)] and (57), the constitutional symmetry of the [1]-
cryptand is perturbed by the introduction of two 
0CH2'CR2 CH2'O units as shown in Figure 5. The 
consequence of this is that the oxygen atoms are no 
longer in a circular array but rather an oval one in which 
the oxygen dipoles are prevented from intersecting at the 
centre, which could, in principle, be occupied by a metal 
cation. Hence 20-crown-6 derivatives are not expected 
to provide such a suitable complexing site for K ions as 
18-crown-6 derivatives. In the case of [2]cryptands, the 
same feature is evident in comparing the nitrogen 
bridgehead derivative (3) with the carbon bridgehead 
derivatives (5), (6), and (9). A spherical cavity contrasts 
with an ellipsoidal cavity in this comparison. Other 
features could contribute to the relative instability of the 
47 P. Seiler, M. Dobler, and J. Dunitz, Ada CrysL , 1974, B30, 
2744. 
48 E. L. Eliel and M. C. Knoeber, J. Amer. Chem. Soc., 1968, 90, 
393. 
49 E. L. Eliel, Pure AP!. Chem., 1971, 25, 509. 
60 E. L. Eliel, Angew. Chem. Internal. Edn., 1972, 11, 739. 
Configurations were assigned ' to cis- (61) and trans- (62) 
5-hydroxym ethyl- 2-isopropyl- and cis- (63) and trans- (64) 
2-isopropyl-5-methoxymethyl-5-methyl- 1,3-dioxans on the 
basis of chemical correlations with cis- (65) and trans- (66) 
2-isopropyl-5-methyl-5-nitro- 1, 3-dioxans where configur-
ational assignments were made on the basis of dipole moment 
measurements. The isopropyl group, with a conformational 
free, energy " of 4.15 kcal rno1 1 , is an even better biasing 
group 49,50 than the phenyl group at C-2 on a 1,3-dioxan 
ring. Table 3 shows that, in contrast with the situation in 
methylcyclohexanes, in 2-substituted 1, 3-dioxans equatorial 
methyl groups on C-S resonate in 1 H n.m.r. spectra at higher 
fields (0.5-0.6 ppm.) than axial methyl groups on C-5. 
The methylene protons of hydroxymethvl and methoxv-
methyl groups at C-S also absorb at higher field if the group 
is equatorial than if it is axial. 52 ' 53 By extrapolating these 
observations, chemical shifts were ascribed (see Table 3) to 
the appropriate equatorial and axial methylene protons in 
' F. W. Nader and E. L. Eliel, J. Amer. Chem. Soc., 1910, 92, 
3050. 
62 E. L. Eliel and H. D. Banks, J. Amer. Chew. Soc., 1972, 94, 
171. 








6.78 (CH6 •O) 	 6.06 (CH,OH) 
6.10 (OCH,CH=CH,) 
6.53 (CH,-OH) 	6.12 (CH 2 O) 
5.92 (OCH,•CH=CH,) 
6.80 (CH,O) 	 6.31 (CH,O) 
6.65 (CH1O) 	 5.96 (CH,O) 
6.67 (3 x CH,O) 	6.19 (3 x CH,O) 
9.23 (CH,) 	 6.13 (CH,-OH) 
6.69 (CH2OH) 	8.74 (CH,) 
9.24 (2 x CH,) 	6.22 (2 x CH,O) 
9.27 (CH,) 	 6.25 (CH,-OH) 
6.34 (CH,-OH) 	8.82 (CH,) 
784 	
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TABLE 3 
'H N.m.r. chemical shift data a for 5,5-disubstituted 2-phenyl-1,3-dioxan derivatives 
Chemical shift (r) 
Compound 	 - 	 Equatorial group 	Axial group 
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H3 CH3 .. '7Ph 
CH2•0•CH2.0412C 
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9.29 (CH,) 	 6.51 (CH,O) 
CM0CI1 	
6.64 (CH 2'OCH3) 
Pr, 	 CH2.0-CH3 	 7.00 (CJ-I,O) 	 8.82 (CH,) 
(64) 	 6.75 (CH 1 •OCH,) 
CH 3 
a In CDCI, unless otherwise stated. 6 As a mixture of diastcreojsonjers. c In CDC1,-(CD),CO. a Data from ref. 53. 
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(27)—(31), (33), (36), and (37). The configurations of the 
monoallyl ethers (30) and (31) were deduced initially from 
the fact that the singlets for the methylene protons of the 
hydroxymethyl groups resonated at 'r 6.06 (axial CH2 0H) 
and 6.53 (equatorial CH,-OH), respectively. These con-
figurational assignments were confirmed by the fact that 
both these signals were broad, on account of some coupling 
to the hydroxy-protons in deuteriochloroform solution. 
Also, the oxymethylene protons of the allyloxymethyl 
groups of (30) and (31) resonate at r 6.10 (equatorial 
CH 2 OCH2'CH=CH2) and 5.92 (axial CH 2 0'CH2 'CH=CH 2), 
respectively. This observation is in accord with the relative 
chemical shifts of the methoxy-protons in cis- (63) and 
trans- (64) 2-isopropyl-5-methoxymethyl-5-methyl- 1, 3-di-
oxans (see Table 3). Configurational assignments were 
made to the 5-hydroxymethyl-5-methyl-2-phenyl- 1, 3-di-
oxans (40) and (41) on the basis of the relative chemical 
shifts of the singlets for the methyl protons and the singlets 
for the methylene protons of the hydroxymethyl groups in 
the two isomers. The configuration of the bridged methyl-
ene acetal (49) is known since it was synthesised directly 
from the cis-isomer (40). The chemical shift data for both 
the methyl protons and the methylene protons of the 
785 
hydroxymethyl groups are in accord with the configurational 
assignment. 
Eliel and Enanoza 63  have shown that under conditions 
of acid-catalysed equilibration, the cis-isomer (61) with the 
hydroxymethyl group axial predominates over the trans-
isomer (62) where the hydroxymethyl group is equatorial. 
The free energy difference for the equilibrium (62) (61) 
shown in Figure 6 varies between —0.62 and —1.03 kcal 
mol' at 25 °C, depending on the nature of the solvent. The 
trans cis ratio [i.e. (41) : (40)] of the benzylidene acetals 
was found by 'H- n.m.r. spectroscopy (integration of the 
methyl proton signals) to be Ca. 1: 7 from both the acid-
catalysed benzylidenatiori at 75 °C and the room tempera-
ture benzylidenation in the presence of zinc chloride. Thus, 
it was assumed that equilibrium had been attained in each 
reaction and that the free energy difference for the equilib-
rium (41) (40) shown in Figure 6 is ca. —1.25 kcal 
mol'. 
We thank R. Al. King for technical assistance. A Post-
graduate Studentship (to A. C. C.) from the S.R.C. is 
acknowledged. 
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1,6,13,1 8,25,30-Hexaoxa[6.6.6](1 ,3,5)cyclophane. Attempted Synthesis 
of a [4]Cryptand 
By W. David Curtis and J. Fraser. Stoddart. Department of Chemistry. The University, Sheffield S3 7H  
Graham H. Jones, Corporate Laboratory, Imperial Chemical Industries Ltd., P.O. Box No 11, The Heath, 
Runcorn, Cheshire WA7 4QE 
The hexaoxa[5.5.5]( 1 . 3 . 5 )cyclophane (12) has been synthesised from phloroglucinol and 1,4-dibromobutane by 
using a stepwise approach. All attempts to effect catalytic hydrogenation of both aromatic rings in the hexaoxa-
[6.6.6](1 .3.5)cyclophane (12) to give the desired [4]cryptand (14) have proved unsuccessful. 
IN the preceding paper 1  we described the synthesis of 
the [2]cryptands (1)—(5) with bridgehead carbon atoms 
(Scheme) from diethylene glycol ditosy late (6) and either 
pentaerythritol (7) or 1, 1, i-tris(hvdroxymethyl)ethane 
(8). A ligand with topological properties (see Scheme) 
very similar to those of the [2]cryptands (1)—(5) is 
the [4]cryptand (10). Although this ligand can be 
derived formally from diethylene glycol ditosylate (6) 
and all-cis-cyclohexane-1,3,5-triol (9),2  it was anticipated 
that it might be more easily approached by catalytic 
hydrogenation of the aromatic rings of 1,4,7,14,17,20,-
27,30,33-nonaoxa[7 .7.7] (1 ,3,5)cyclophane (11)4 In 
t In this cyclophane all the phenolic oxygen atoms are 
necessarily oriented such that their lone pairs are directed away 
from the cential cavity of the ligand. If it were to occur, 
catalytic hydrogenation would have to involve stereospecific 
addition of hydrogen to the outer faces of the aromatic rings in the 
cyclophane (11). This would lead to the generation of all-cis-
1,3.5-oxygen atoms, which would be expected to assume s'n-
axial orientations on the cyclohexyl rings of the newly formed 
[4]cryptand (10). The oxygen atoms which were previously 
phenolic would then be able to orient themselves such that the 
lone pairs would be directed towards the middle of the cavity 
in the [4]cryptand (10).  
order to ascertain if cyclophanes of this type are obtain-
able from phioroglucinol, it was decided initially to 
employ 1,4-dibromobutane in base-promoted condens-
ations with an appropriately substituted pliloroglucinol 
derivative. In this paper, we describe (i) the synthesis 
of the hexaoxa[6.6.6](1,3,5)cyclophane (12), (ii) the 
evidence for catalytic hydrogenation of one of the two 
aromatic rings of (12) to give the hexahydrohexaoxa-
[6.6.6](1,3,5)cyclophane (13), and (iii) our unsuccessful 
attempts to hydrogenate catalytically both aromatic 
rings of (12) to give the [4]cryptand (14). 
EXPERIMENTAL 
The general methods have been discussed elsewhere. 1 ' 3 
1, 3,5-Trisbenzyloxybenzene (15) .—A solution of benzvl 
bromide (143 g) in NN-dimethylformarnide (150 ml) 
containing potassium carbonate (00 g) was stirred under 
nitrogen. A solution of phioroglucinol dihydrate (45 g) 
1 A. C. Coxon and J. F. Stoddart, preceding paper. 
2 H. Stetter and K. H. Steinacker, C/win. Ber., 1952, 85. 451. 
I. J. Burden, A. C. Coxon, J. F. Stoddart, and C. M. Wheat-
ley, J.C.S. Perkin I, 1977, 220. 
in NN-dimethylformamide (150 ml) was added during 3 h 
and the mixture was stirred for 16 h, filtered, and con-
centrated. The residue was partitioned between toluene 
and water; the organic layer was extracted with ft-sodium 
hydroxide, then washed with water, dried (MgSO 4 ), and 
filtered. Concentration afforded a red oil which crystallised. 
The crude product was washed and then recrystallised from 
ethanol to afford the tribenzyl ether (15) (23 g, 21%), m.p. 
J.C.S. Perkin I 
92-94° [Found: C, 81.7; H, 6.35%; M (mass spec.). 396. 
C 27H2403 requires C, 81.8; H, 6.1%; Al, 396], r (CDCI 3 ) 
2.54-2.86 (15 H, m, 3 x C6I1CH 2), 3.77 (3 H, s, 11-2, 
-4, and -6), and 5.06 (6 11, s, 3 x C6H5 CH2 ). 
3,5-Bisbenzy1oxyphenol (16) .—(a) The tribenzyl ether 
(15) (5 g) was added with stirring to a mixture of methanol 
(400 ml) and dioxan (100 ml). When it had almost com-
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palladium-charcoal (0.3 g) were added. The mixture was 
subjected to hydrogenolysis until 1.0 mol. equiv. of hydrogen 
had been consumed, and was then filtered, acidified with 
2N-hydrochloric acid, and concentrated to a crystalline 
residue. Recrystallisation from toluene afforded the 
dibenzyl ether (16) (3.5 g, 93%), in.p. 92-94° [Found: C, 
78.1; H, 6.2%; AT (mass spec.), 306. C 20H 1803 requires 
C. 78.4; H, 5.9%; M, 306], 'r (CDCI 3) 2.62-2.92 (10 H, m, 
2 x C6 H 5 'CH 2), 3.84 (1 H, t, J 2.3 Hz, H-4), 4.01 (2 H, d, 
J 2.3 Hz, H-2 and -6), 5.00br (1 H, s, OH), and 5.13 (4 H, 
S. 
2 x C6HCH2). 
The tribenzyl ether (15) (8.0 g) was dissolved in 
diethyl ether (500 ml) and 10% palladium-charcoal (1.25 g) 
was added. The mixture was subjected to hydrogenolysis 
until 1.0 mol. equiv. of hydrogen had been consumed. 
The catalyst was filtered off and the filtrate was concen-
trated. Column chromatography of the residue on silica 
gel [ethyl acetate-light petroleum (b.p. 60-80°) (1: 4) as 
eluant] gave three fractions. Fraction I was unchanged 
tribenzyl ether (15) (4.54 g, 57%), fraction 2 the diber.zyl 
ether (16) (1.18 g, 19%), and fraction 3 the monobenzyl 
ether (17) (0.40 g, 9%), an oil which crystallised at 0 °C; 
M (mass spec.) 216. 
A solution of phloroglucinol (15.4 g) in NN-dimethyl-
formamide (200 ml) was stirred under nitrogen, and potas-
sium carbonate (40 g) was added. A solution of benzvl 
bromide (21.6 ml) in NN-dimethvlforrnamide (70 ml) was 
added dropwise during 15 min and the mixture was stirred 
for 16 h. Filtration followed by concentration of the filtrate 
afforded a residue which was subjected to column chromato-
graphy on silica gel. Elution with ethyl acetate-light 
petroleum (b.p. 60-80 °) (1: 9) gave the tribenzyl ether 
(15) (1.0 g, 3%) and the dibenzvl ether (16) (1.37 g, 5%) 
amongst other products. Elution with ethanol-light 
petroleum (b.p. 60-80') (1: 9) gave the monobenzyl ether 
(17) (1.5g. 7%). 
I ,3,5_Tris_(4-brolflobUtOX y )befl 2efle (18) .-A suspension of 
potassium carbonate (40 g) in 14-dibrornobutane (100 ml) 
and NN-dimethylformaflhide (80 ml) was stirred under 
nitrogen. A solution of phloroglucinul (15 g) in V.V-
dimethylformamide (60 ml) was added during 2 It. The 
mixture was stirred for 16 h, filtered, and concentrated, and 
the residue was subjected to column chromatography on 
alumina (300 g) [Laporte type H, deactivated with water 
(15 ml)]. Elution with toluene-light petroleum (b.p. 
60-80°) (1 : 3) gave a crude crystalline product which was 
recrystallisecl from dichloroniethane-ethanol to afford the 
pure tribo,nide (18) (31.8 g, 65%). m.p. 43-44' [Found: 
C, 40.5; H, 5.2; Br, 45.3%; M (mass spec.), 528/530/ 
532/534. C 18H 27 Br3O3  requires C, 40.7; H,5.1; Br, 45.1%; 
M, 528/530/532/534], (CDCI 3) 3.97 (3 H, s, C6 H 3), 6.06 
(6 H, t, J 6.0 Hz. 3 x OCH 2 [CH 21 3Br). 6.54 (6 H, t, J 6.0 
Hz, 3 x 0.[CH 21 3 CH 2Br). and 7.77-8.25 (12 H, in, 
3 x O.CH 2 .CH 2 CH 2 'CH 2Br). 
1-[3,5-Bis- (4-bronobutoXy)PheflOXY]-4- ( 3,5-bisbenzyloxy-
phenoxy)butane ( 19)-A solution of the tribromide (18) 
(25 g) in Ni\Tdimethy1fOrmamide (50 nil) containing sus-
pended potassium carbonate (5 g) was stirred under nitro-
gen. The dibenzyl ether (16) (1.9 g) in NN-dimethl-
forroamide (10 ml) was added during 1 h. The mixture 
was stirred for 16 h, filtered, and concentrated, and the 
residue was partitioned between dichloroniethane and 
water. The organic layer was washed, dried (MgSO 4 ), 
filtered, and adsorbed on alumina (20 g) [Laporte type H 
(100 g), deactivated with 10% acetic acid (5 ml)], which 
was then added to the top of a column of deactivated alu-
mina (80 g). Elution with toluene-light petroleum (b.p. 
60-80°) (7: 3) afforded some unchanged tribromide (18). 
Elution with toluene-light petroleum (b.p. 60-80 °) (3: 2) 
gave the crude product (5.5 g). Further column chromato-
graphy on alumina followed by recry stall isation from 
toluene-ethanol gave the pure polyether (19) (3.8 g, 82 1/'0 ), 
m.p. 59-61 °  [Found: C, 60.6; H, 6.05; Br, 21.1%; Al 
(mass spec.), 754/756/758. C 381-I 44Br2O 6 requires C, 60.3; 
H, 5.85; Br, 21.1%; ill, 754/756/758], 'r (CDCI 3) 2.52-2.82 
(10 H, m, 2 x C 6H5 CH 2), 3.73-4.06 (6 H, m, 2 x C 6 11,), 
5.03 (4 H, s, 2 x C 6H 5 'CH2), 6.09br (8 1-i, t, J 6.0 Hz, 
2 x O'CH 2 '[CH 2] 3Br and OC1 2 [CH]2CH2 O), 6.57 (4 H, 
t, J 6.0 Hz, 2 x 0[CH 2] 3CH 2Br), and 7.84-8.28 (12 H, m, 
2 x O•CH 2'CH2 CH2 'CH 2Br and OCH 2 CHCH2'CH 2 0). 
1-[3, 5-Bis-(4-bromobutoxy)PheflOXY]-4-( 3, 5-bishydroxy-
phenoxy)butane (20).-(a) The coupled product (19) (1.0 g) 
was dissolved in ethyl acetate (100 ml) and ethanol (200 ml) 
was added. A slurry of 10 %  palladium-charcoal (150 mg) 
in water was added and the mixture was subjected to 
hydrogenolvsis until 2.0 mol. equiv. of hydrogen had been 
absorbed. The mixture was filtered and the filtrate was 
concentrated to afford the dip/zenol (20) (0.72 g, 95%) as an 
oil, M (mass spec.) 574/5761578, 7 (CDC1 3) 3.82--4.16 
(6 H, in, 2 x C 6H3 ), 6.1Ibr (8 H, t, J 6.0 Hz, 2 x O'CH 2 ' 
(CH 2 ) 3Br and OCFI [CH2]2CH 2 0), 6.59 (4 H, t, J 6.0 Hz, 
2 x 0'CH 2] 3 CH 2Br), and 7.82-8.40 (12 H, m, 2 x O'CH 2 
CH2 CH,'CH,Br and OCHCH 2 CH2 CH 2 O). 
(b) The coupled product (10) (3.84 g) was dissolved in 
toluene (8 nil) and diethyl ether (20 nil). The solution 
was stirred as 45% hydrogen bromide in acetic acid (8 ml) 
was added. The mixture was left for 16 It then diluted with 
diethvl ether and washed with water. The ether layer was 
dried (MgSO 4 ), filtered, and concentrated. The oily residue 
(3.4 g) was subjected to column chromatography on Woelm 
acidic alumina [100 g, deactivated with water (50 ml)]. 
Elution with dichloromethane gave the diphenol (20) 
(1.7 g, 58°f,) as an oil. 
1,6.13,18,25,30Hexaoxa[6.6.6](1,3.5)cYClOP/iafle (12).-(a) 
The diphenol (20) (535 mg) was stirred under nitrogen in 
NN-dimethylformaroide (350 ml), and potassium carbonate 
(4.0 g) and Amberlite IR-413 (C0 32 form) resin (6.0 g) were 
added. The mixture was stirred for 36 Ii, filtered, and con-
centrated to give the crude product, which was subjected 
to column chromatography on silica gel (25 g). Elution 
with dichlorometliane gave the hexaoxa [6.6.6] (I ,3,5)c.yclo-
p/lane (12) (255 mg, 560 0 ), in.p. 218-221 ° [Found: C, 
69.9; H, 7.7%; Al (mass spec.), 414. Cl-1 3006 requires 
C. 69.5; H, 7.3%; M, 414], 'r (CDCI 3) 4.25 (6 H, s, 2 x 
C6H 3), 5.87br (12 H, t. J 5.0 Hz, 3 x 0C!-I,'[CH2] 2 CH2 0), 
and 7.9-8.26 (12 H, m, 3 x O.CH 2 CH 2 CH2'CH 2'0), 
6 (CDCI 3) 158.7 (6 quarternary aromatic carbons), 94.7 
(6 tertiary aromatic carbons), 66.7 (3 x OCHCH,' 
CH 2 'CH 2 0), and 23.5 (3 x OCH 0 CH 2 CH,CH 2'O). 
(b) A solution of the diplienol (20) (0.72 g) in NN-
• dimethvlformamide (200 ml) was stirred with potassium 
carbonate (4.0 g) for 16 ii, The mixture was then filtered 
and concentrated, and the residue was'dissolved in dichloro-
methane. The dichloroniethane solution was washed with 
water, dried (MgSO 4), filtered, and concentrated, and the 
crude product was shown by mass spectrometry and t.l.c. 
to comprise mainly phloroglucinol and I ,3,5-tris-(4-bromo-
butoxv)henzene (18). When this crude product was sub-
jected to preparative tIc. on silica gel (dichioroinethane 
as eluant) in a double development procedure. the 
ff M-6 	 J.C.S. Perkin I 
hexaoxa[6.6.6](1,3,5)cyclophane (12) (32 mg, 6%) was 
obtained in low yield. 
Attempted Catalytic Hydrogenations of 1,6,13,18,25,30-
Hexaoxa[6.6.6]( I ,3,5)cycloØane (12) .-Ruthenium (5%) on 
alumina (100 mg) was stirred under hydrogen (500 lb 1n 2) 
for 1 h at 100 °C in dry dioxan (60 ml). This mixture was 
allowed to cool for 30 min and then a solution of the hexa-
oxa[6.6.6](1,3,5)cyclophane (12) (50 mg) in dry dioxan (15 
in]) was added. The temperature was raised to 100 °C and 
the hydrogen pressure was increased to 1 600 lb jfl2 The 
mixture was stirred for 16 h, allowed to cool, and filtered, 
and the filtrate was concentrated. The residue was sub-
jected to chromatography on alumina (Laporte type H). 
Elution with light petroleum (b.p. 60-80°)-chloroform 
(1 4) gave three fractions. Fraction 1 was unchanged 
hexaoxa[6.6.6]( 1, 3,5)cyclophane (12) (t.l.c. and mass 
spectrometry). Fraction 2, rn/c 420 (C24H3504 ) was ten-
tatively identified as the hexahydrohexaoxa[6.6.6](1,3,5)-
cyclophane (13). Fraction 3, n/e 422 (C 24 H 3806), could 
arise from hydrogenolysis of one carbon-oxygen bond in the 
hexahydrohexaoxa[6. 6.6] (1, 3,5)cyclophane (13). No pro-
duct of higher molecular weight was isolated. 
Other conditions were investigated for ruthenium (5 0/,) on 
alumina as catalyst in the hydrogenation of (12). They 
included (a) ethanol as solvent at 80 °C and 100 atm of 
hydrogen for 30 h, (b) butan-1-oI as solvent at 100 °C and 10 
atm of hydrogen for 30 h, and (c) dioxan as solvent at 75 °C 
and 100 atm of hydrogen for 16 h. None of these led to 
either hydrogenation or hydrogenolysis. Raney nickel 
was also ineffective as a catalyst in high temperature-high 
pressure attempted hydrogenations of (12) in ethanol-
chlooform. 
RESULTS AND DISCUSSION 
At the outset it was decided that the preparation of the 
[4]cryptand (14) could best be carried out by a route 
which involved catalytic hydrogenation of the hexaoxa-
[6.6.6](1,3,5)cyclophane precursor (12) as the final step. 
Since preliminary attempts to condense phioroglucinol 
with 1 ,4-dibromobutane in the presence of base led to 
polymeric products, a stepwise route was devised in 
which two of the three phenolic hydroxy-groups of 
phloroglucinol were protected initially. This was 
achieved by (i) partial hydrogenolysis (1.0 mol. equiv. of 
hydrogen) of the tribenzyl ether (15), which was obtained 
on benzylation of phioroglucinol, to give the dibenzyl 
ether (16) in two steps, and (ii) partial benzylation of 
phloroglucinol with 1.9 mol. equiv. of benzyl bromide 
to afford the dibenzyl ether (16) directly, albeit in ad-
mixture with the tribenzyl (15) and monobenzyl (17) 
ethers. In fact, the two-step procedure, involving a 
highly selective (93%) partial hydrogenolysis of the 
tribenzyl ether (15) in dioxan in the presence of sodium 
methoxide, 4 proved the more convenient method for 
obtaining the dibenzyl ether (16). Condensation of 
phloroglucinol with a gross excess-of 1,4-dibromobutane 
in NN-dimethylformamide, with potassium carbonate as 
base, gave the tribromide (18) in good yield. Coupling 
between this tribromide (18) and the dibenzyl ether (16) 
proceeded efficiently with the same solvent and base 
system. Removal of the benzyl ether groups in the 
J. B. Hendrickson, M. V. J. Ramsay, and T. It Kelly, 
J. Amer. Chem. Soc., 1972, 94, 6834. 
coupled product (19) to give the diphenol (20) was 
achieved by (i) catalytic hydrogenolysis and (ii) acid 
catalysed .de-O-henzylation with hydrogen bromide in 
acetic acid. The double intramolecular condensation 
of the diphenol (20) in NN-dimethylformamicle with 
potassium carbonate as base gave the hexaoxa[6.6.6]-
(1,3,5)cyclophane (12) in low yield. Since the major 
products of this reaction were phioroglucinol and the 
tribromide (18), it was suspected that the bromide ions 
produced during the reaction were acting as nucleophiles 
towards the unchanged diphenol (20), the intermediate 
condensation products, and the hexaoxa[6.6.6] (1,3,5)-
cyclophane (12) itself. Addition of an anion exchange 
resin to the mixture with the objective of complexing 
the bromide ions and thus reducing their concentration 
in solution resulted in a dramatically increased (6 
56%) yield of the hexaoxa[6.6.6](1,3,5)cyclophane (12) 
in the base-promoted condensation of the diphenol (20). 
RIO 	 RIO 	 OR 2  
R I O 	 OR 
(15)R:R2 CH 2 Ph 	 (19) R 1 CH 2 Ph,R 2 r [CH 2 1 4 Br 
(16)R':CH2Ph,R 2:H 	(20) R t H,R 2 [CH2]1Br 
(17) R: H, R 2 rCH 2 Ph 
(18)R' [CHI]4 Br 
All attempts to hydrogenate catalytically both aro-
matic rings of the hexaoxa[6.6.6](I,3,5)cvclophane (12) 
were unsuccessful. The best that could be achieved with 
5% ruthenium-alumina, which was successfully em-
ployed 5  in the catalytic hydrogenation of dibenzo-18-
crown-6 to yield a mixture of the cis,svn,cis- and cis,-
an/i,cis-isomers of dicyclohexyl-18_crown_6, was mass 
spectral evidence that one aromatic ring of (12) could 
be reduced to give the hexahydrohexaoxaI6.6.61,(1,3,5) 
cyclophane (13). Subsequently, mass spectral evidence 
indicated that hydrogenolysis of a carbon-oxygen 
bond proceeded faster than hydrogenation of the second 
aromatic ring of (13). Thus, the desired [4]cryptand 
(14) was not obtained by this approach. Other possible 
lines of attack for preparing the [4]cryptand (14), and 
ultimately (10), have not been pursued because of the 
relative weakness of the complexes formed between the 
topologically related [2]cryptands (1), (2), and (5) and 
the alkali metal chlorides in methanolic solution.' 
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Chiral asymmetrical crown-ethers 
DALE A. LAIE)LER and J. FRASER STODDART 
Department of Chemistry, The University, Sheffield 83 7HF (Greet Britain) 
(Received February 2nd, 1977; accepted for publication February 18th, 1977) 
Chiral, symmetrical, macrocyclic polyethers have been derived from (R)- and (S)
binaphtho!'', L-threaric acid 35 , D-mannitoi 3 ' 6 , and L-iditol 7 as precursors containing C2 
symmetry and as both sole "3 ' and mixed 2 sources of chirality. Many of these macro-
cycles have been shown (I) to com&ex with primary alkyiammonium salts' -"  and (ii) to 
exhibit chiral recognition when the salt is racemic' 	We now report on the syn- 
thesis of four chiral, asymmetrical I 8-crown-6 macrocycles incorporating either D-glucose 
or D-galactose residues and assess the abilities of these macrocycles to complex with 
primary alkylathmonium salts. 	 - 
- 	Treatment of methyl 4,6-0-benzylidene-a-D-glucopyranosjde' 2 D-(l) with an e-- 
cess of ally) bromide and potassium hydroxide in toluene gave the diallyl ether` 132) 
having m.p. 62-63 ° and []D +60.00 (c 0.46, chloroform) in good yield. Ozortolysis of 
13-(2) in methanol, followed by borohydride reduction, afforded the "half-crown" diol 
D-(3), m.p. 114°, 101  +12.1 ° (c 0. 13, chloroform). Treatment of D43) with sodium 
hydride and 1.1 molar equivalents of triethylene glycol bis(toluene-p-sulphonate)' 4 (4) in 
dimethyl suiphoxide gave the D-g/uco-18-crown-6 derivative D-(S) [m.p. 52-56', [afr 
1-37.6 0 (c 0.42, chloroform); 'H n.m.r. data (CDC1 3 ): 6 7.60-7.14 (m, 51-1, aromatic 
protons), 5.51 (s, 11-i,-benzylidene CH), 4.81 (d,11' 3.5 Hz, IH, anomeric proton), 4.42-
3.47 (m, 26H, other CH and CH 2 protons), and 3.42 (s, 3H, OCH 3 )] in 45% yield after 
chromatography on alumina (ether). By a similar procedure, methyl 4,6-0-benzylidene-o-
D-galactopyranoside' 5 D46) was converted via its diallyl ether D-(7) [m.p. 65-67°, [aID 
+1400 (c 0.81, chloroform)) into the "half-crown" diolD-(8) [m.p. 134-136 0 , [aID 
1- 136.90 (c 0.8, chloroform)]. Treatment of D-(8)with sodium hydride and 1.0 molar 
equivalents of(4) in dirnethyl sulphoxide afforded the D-galacto-18-crown-6 derivative D-(9) 
[m.p. 115 ° , [aID + 102.9 0 (c 0.47, chloroform); 'H n.m.r. data (CDCI 3 ): & 7.60-7.12 (m, 
SH, aromatic protons), 5.52 (s, IH, benzylidene CH), 4.95 (d,J3.0 Hz, IH, anomeric 
proton), 4.37-3.48 (m, 261-1, other CH and CH 2 protons), and 3.42 (s, 3H, OC11 3 )] in 16% 
yield after chromatography on alumina (ether—chloroform). 
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It is possible to introduce addidonall chiraiity - in the form of a second carbo-
hydrate residue - into asymmetrical 18-crown derivatives incornorating either D-glucose 
or D-galactose residues, without encountering the synthetic problems associated with the 
formation ocdiastereoisomers, provided the second carbohydrate residue possesses C'2 sym-
metry. The "half-crown" bitoIuene-p-sulphonate) 3 D-(lO) derived from D-mannitol fulfils 
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this requirement. Condensation of D-(3) and D-(10) in equimolar proportions in dirnethyl 
sulphoxide in the presence of sodium hydride gave the D-gluco-D-rnanflo- I 8-crown-6 deriva-
tive DD-1) fni.p. 44-46 0 , [] D  +69.40 (c 0.32, chloroform); 'H n.m.r. data (CDCI 3 ): & 
7.56-7.24 (m, 5F1, aromatic protons), 5.52 (s, 11-i, benzylidene CH), 4.79 (d,J 3.5 Hz, IH, 
anomeric proton), 4.40-3.30(m, 33H, other CU and CH 2 protons. OCH 3 ), and 1.39 and 
1.35 (2 X s, 121-1,4 X CH 3 )] in 4017o yield after chromatography on alumina (ether). 
Condensation of D-(9) and D.(IO in equimolar proportions in dimethyl sulphoxide in the 
presence of sodium hydride gave the D-gaiacto-D-manno-18-crown-6 derivative DD-(l2) [[aID 
+90.0° (c 0.5, chloroform); 'H n.m.r. data (CDC1 3 ): 8 7.60-7.22 (m, SH, aromatic protons), 
5.53 (s, 11-i, benzvlidene CU), 4.94 (d, j 3 Hz, 1 H anomeric proton), 4.40-3.45 (m, 30H, other 
CU and CH 2 protons), 3.43 (s, 3H, 0CH 3 ). and 1.39 and 1.34(2 X s, 12H, 4 X Cl-1 3 )1 in 
29% yield after chromatography on alumina [ether—light petroleum (b.p. 60-80 ° )] and 
silica gel (ether—methanol—ammonia). 
The crown ethers D-/,S), D-{9), DD-(1 1), and DD-(12) all dissolved alkali metal and 
primary alkyiammonium salis in organic solvents. The formation of complexes with ten-
butyl- and benzyl-ammonium titiocyanates in CDCI 3 was accompanied by substantial 
changes in the 'H r.m.r. spectra of the crown ethers. For complexes with tert-butyl-
ammonium thiocyanate, a quantitative assessment of compiexing power was obtained by 
measuring stability constants [defined as equilibrium constants (K in litre moi' ) for the 
equilibrium (1) in CDC1 3 1 by a H n.m.r.-spectroscopic method 9 . The values of the 
stability constants: 
tBUNH+SCN_ + Crown 	tBuNHCrown+SCr,4_ 	 (1), 
I or compiexation with D-(5),(  Ka 300), DK9)(Ka  22,000), DD(I1)(K a 87), and DD-(12) 
(Ka 1,100) indicates that these derivatives form weaker complexes than 18-crown-6 (K a  
750,000f itself. There are two additional features of interest that follow from a com-
parison of the stability constants associated with these chiral, asymmetrical crown-ethers: 
(i) Factors of 3 and 20, respectively, in 'a  are sacrificed on disubstitution of the D-gluco-
and D-ga/acto-18-crown-6 derivatives D-(5) and D-(9) with bulky 2,2-dimethyl-1,3-di-
oxolanyl groups. This trend is to be expected on steric grounds. (ii) The 18-crown-6 deriva-
tives [D-(9) and DD-(12)] in the D-gaiacto series exhibit larger values for Ka  in both cases 
than the comparable 18-crown-6 derivatives [D-(5) and DD41 1), respectively] in the D-
gluco series. A cursory inspection of molecular models reveals that this is an unexpected ob-
servation, assuming that complex formation between thp tert-butylammonium cation and 
the 18-crown-6 derivatives involves hydrogen bonding of all three ' ° ',or at least two of 
the three ' 6 , ammonium hydrogen atoms of the cation to ether oxygen atoms in the macro-
cycle so as to afford a face-to-face complex. Steric factors would be expected to mitigate 
more against complex formation involving D.(9) and DD-( 12) than against complex forma-
tion involving D45) and DD-(1 1). However, the axial orientation of the C-0 bond at C-4 of 
the'galactosidic ring in both D-(9) and DD-( 12) renders 04 available to participate, together 




hydrogen atoms of the cation in a distorted face-to-face complex. There is some 'H n.m.r. 
spectroscopic evidence to support this proposal. On formation of the complex, both D49) 
and 1)13-(12) exhibit significant downfield shifts for H-4 and the benzylidcne methine 
proton, which are not observed when either D45) or DD41 1) form complexes. For 
example, in the complex (sal:crown-ether ratio of 0.91) between D49) and tert-butyl-
ammonium thiocyanate in CDCl, the singlet for the bcnzylidene methine proton is shifted 
by 0.20 p.p.m., and the broadened doublet for H-4 by 0.49 p.p.m., both to lower field. 
The ability of these chiral, asymmetrical crown-ethers (i) to exhibit enantiomeric 
differentiation towards racemic primary alkylammonium salts, and (ii) to form the basis 
from which enzyme analogues may be constructed (compare ref. 17) in the near future, is 
under investigation. 
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Stereoselectivity in Complexation of Primary Alkylammonium Cations 
by the Diastereotopic Faces of Chiral Asymmetric Crowns 
By DALE A. LAIDLER and J. FRASER STODDART 
(Department of Chemistry, The University, Sheffield S3 7HF) 
Summary The temperature-dependent 'H n.m.r. spectra 
of the 1: 1 complexes formed between crowns D-(1), 
DD-(2), D-(3), and DD-(4) and primary alkylammonium 
cations in solution are interpreted in terms of equilibria 
involving diastereoisomeric complexes of (i) similar 
strengths in the case of the galacto-crowns D-(1) and 
DD-(2) and (ii) dissimilar strengths in the case of the 
gluco-crowns D-(3) and DD-(4) where a secondary inter-
action of a dipole-induced dipole type appears to be 
responsible for the stereoselectivity. 
RECENTLY, we reported' on the synthesis of the chiral 
asymmetric crowns n-(1), DD-(2), D-(3), and DD-(4) incor- 
porating either D-glucose or D-galactose residues as the 
source of their asymmetry. We now discuss the ability of 
these crowns to form diastereoisomeric complexes with 
primary alkylammonium salts in more detail. 
The values of the stability constants (K a) for complexa-
tion of ButNH,+SCN (5).HSCN and PhCH,NH 3 SCN-
(6).HSCN with D-(1), DD-(2), o-(3), and DD-(4) in CDCI 3 are 
recorded in the Table. We have already commented' on 
the expected decrease in the strengths of the complexes 
which arise from disubstitutjon of D-(1) and D-(3) with 
bulky 2,2-dimethyl-1,3-dioxolanyl groups affording bD-(2) 
and DD-(4), respectively. Also, the formation of stronger 
complexes between all four crowns and the less sterically 
demanding PhCH 2NH,+ cations was not unexpected on the 
basis of previous comparisons'' between the coinpiexing 
J.C.S. CHEM. Cortiii., 1977 
powers of ButNH 3+SCN and PhCH,NH3 SCN- with chiral 
symmetrical crowns. However, two features in relation to 
the K8 values in the Table were surprising. (i) All four 
crowns form much weaker complexes with ButNH 3+SCN 
than does 18-crown-6 (K a, 750,000) 6 itself. While ring 
inversion can occur in the symmetrical 'all-gauche-OCH,- 
CFI2O' conformation of 18-crown-6 in the complex, this 
conformational change is denied to complexes involving 
0 _R D-(1) R=H 




	 0 ..R o-(3) R=H 
0Me 




D-(1), nn-(2), D-(3), and DD-(4) as a resul of the trans-
fusions of the macrocyclic polyether rings to C-2 and 
C-3 of the pyranosidic rings. Thus, it would appear that 
'rigid' 18-crown-6 derivatives form weak complexes, whereas 
'flexible' 18-crown-6 derivatives form more dynamic and 
apparently stronger complexes. (ii) Despite the fact that 
one face of the galcicto-crowns is more sterically hindered on 
account of the cis ring junction at C-4 and C-5 between the 
pyranosidic and 2-phenyl-1,3-dioxanyl rings, n-(1) and 
482 
DD-(2) form much stronger complexes than do the gluco-
crowns n-(3) and DD-(4). The clue to the reasons for this 
unexpected observation comes from an investigation of the 
chemical shift changes experienced by protons in the galacto 
and gluco portions of the crowns on stepwise additions of 
salts (cf. ref. 7). For example, the chemical shifts of H-i, 
H-4, and PuCK in u-(1) attain their limiting values (see 
Figure 1) at a 1: 1 molar ratio of D-(1) : ButNH 3+SCN. Not 
only is this evidence for 1:1 complex formation, but it also 
suggests that 0-I and 0-4 participate with the ether oxygens 
of the macrocycle in hydrogen bonding and/or electrostatic 
stabilisation with the ammonium hydrogeris of the ButNH 3± 
cations in distorted face-to-face complexes (see Figure 1). 
Crowns D-(1), DD-(2), D-(3), and DD-(4) all have diastereo-
topic faces and hence can form diastereoisomeric - and 
fl-complexes [cf. the ct-o-(1)-(5).HSCN and 
HSCN complexes in Figure 1] with both achiral and chiral 
salts. We have examined (see Table) the temperature 
dependences of the 'H n.m.r. spectra of the 1: 1 complexes 
formed betweenD-(1), DD-(2), D-(3), and DD-(4) and selected 
RNH,+SCN- salts in CD,CI,. The following observations 
can be made. (i) The temperature dependences of both 
crown and salt signals in the 1 H n.m.r. spectra are inter-
pretable in terms of equilibrations between diastereoisomeric 
and fl-complexes. (ii) Dissociation of the complexes is 
the slow rate-determining step in the complexation-
decomplexation process (cf. ref. 3). In accordance with K. 
values, complexes involving ButNH 3+ cations dissociate 
faster than complexes involving PhCH,N} -1 3+ cations. 
(iii) The rate of association of the complexes is fast and, in 
some instances, is characteristic of a diffusion-controlled 
process (cf. ref. 3). (iv) Reorganisation of the bonding 
pattern (hydrogen and electrostatic) within diastereoiso-
meric complexes is fast on the 'H n.m.r. time scale even at 
—75 °C. (v) At low temperatures, the gluco-crovns D-(3) 
and DD-(4) bind all the salts examined stereoselectively 
(2: 1, or better) to one of their diastereotopic faces. In the 
TABLE 
Thermodynamic parameters for complexation of primary alkylammonium thiocyanates (5).HSCN, (6)HSCN, (S)-(7).HSCN, and 
(R)-(7).HSCN by the chiral asymmetric crowns D-(1), DD-(2), D-(3), and on-(4). 
Crown RNH3 SCN- R 
D-(1) (5).HSCN But 
(6).HSCN PhCH, 
(S)-(7).HSCN (S)-PhCHMe 
DD-(2) (5).HSCN But 
(6).HSCN PhCH2 
(S)-(7).HSCN (S)-PhCHMe 





(S)-(7) .HSCN (S)-PhCHMe 
(R)-(7).HSCN (R)-PhCHMe 
AGo Isomer ratio 
K 58 /kcal 'H N.m.r. (T/°C) AGdtc.e 
/1 mol' probes 0 Major: minor /kcal mol' /kcal mol' 
22,000b 5.9 H-4, -OA'Ie, -CMe, 55:45 (-85) 103' 44 
>10 >95 PhCH(, H-i, -OMe 55:45 (-70) 11•9' <2'4 - - PhCH(, 57:43(-70) 12'l' - 
Ph(Me)CH- 
1,100b 4'1 • 	- _d d - 
> 107 >95 PhCHC, H-4, -OMe 50:50 (-70) 120' <25 - - PhCH(, -OMe, 50:50 (-75) 117' - 
Ph(Me)CH- 50:50 (-75) 11'7' - 
300b 3.4 _d _d > 107 >95 PhCHc, H-i 67:33 (-75) 11.46 <1'9 
- PhCHc, H-1 80:20 (-75) 1189 - 
87b 2'6 _d _d _d 
2,300 46 H-i 75:25 (-75) 12ls 7.5 - - H-i >97: <3 (-60) 1216 - 
— H-i 72:28 (-75) 118 - 
Obtained for the equilibrium, RNH 3 SCN- + Crown RNH3CrownSCN-, in CDCI, at 20-25 °C by a 'H n.m.r. spectroscopic 
method (ref. 6). b  Ref. 1. c Temperature-dependent 'H n.m.r. spectra were recorded in CD,C1, at 220 MHz on a Perkin Elmer R34 
spectrometer with MeSi as 'lock' and internal standard. Signals for all protons listed separated into signals at low temperatures. 
Note that in a few instances, probes were available in both the crown and the primary alkylamnionium cations. d  No spectral changes 
other than line-broadening down to —90 °C. e  The free energies of activation for dissociation of the major complexes. 'Calculated 
from the rate constants. Error of ±03 kcal mo! -1. 9 From line-shape analysis. Error of +03 kcal mol-1. h  The free energies of 
activation for association of the major complexes calculated frdm the expression, AG.1 = AGd1 - G°. 
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FIGURE 1. (A) The diastereoisomeric - and p-n-(1)—(5).HSCN 
complexes. Oxygens believed to be involved in hydrogen 
bonding and/or electrostatic stabilisation with the ammonium 
hydrogens of the ButNH9+ cations are indicated by means of 
arrows (-->). (B) Change in chemical shifts of the indicated 
protons with change in salt: crown ratio. 
case of DD-(4) and (S)-PhCHMeNH 3 SCN (S)-(7).HSCN, 
formation of one of the diastereoisomeric complexes is 
nearly stereospecific (>97: <3) at —70 °C. We believe 
that complexation occurs preferentially at the fl-face 
because of the similarities in the chemical shifts of the 
signals for H-i in DD-(4) (r 5.21) and in the complex DD-(4)-
(S)-(7).HSCN (T 5.17) at low temperatures. This observa-
tion suggests that 0-1, and hence the ce-face, is involved with 
the minor, and the fl-face with the major, diastereoisomer. 
Recalling the weak 1: 1 complexes formed 8 '9 between 1,3-
dioxans and benzene in CO., we are tempted to ascribe the 
high stereoselectivity of binding to the fl-face to a dipole-
induced dipole type of interaction (see Figure 2) between 
the 2-phenyl-1,3-dioxan ring in DD-(4) and the phenyl 
groupt of (S)-PhCHMeNH 3 SCN. Supporting this pro-
posal is the observation (see Figure 2) that when (R)-
PhCHMeNH3 SCN replaces (S)-PhCHMeNH 3 SCN in 
Me 
SCN 
f-DD-(4-S-(7).HSCN R1 =H.R2 =Me 
-DD-4)-(R)-(7),HSCN R1=Me,R2=H 
FIGURE 2. Idealised (cf. I. Goldberg, Acta Cryst., 1977, 1333, 
472) three-point binding models for the diastercoisomeric 
complexes /3-n-(4)-(S)-(7).HSCN and /3-DD-(4)-(R)-(7).HSCN 
showing the dipole-induced dipole interaction between the 
2-phenyl-1,3-dioxan rings and the phenyl group. Note that 
only crown oxygens are involved in complexation to the /3-face of 
DD-(4). 
the fl-DD-(4)--(S)-(7).HSCN complex, the steroselectivity of 
binding to the fl-face is reduced to 72: 28 in accordance with 
the steric interaction in the fl-DD-(4)-(R)-(7).HSCN com-
plex of the methyl group in the cation with a 2,2-dimethyl- 
1,3-dioxolanyl group in the crown. 
(Received. 15th April, 1977; Corn. 360.) 
f We also believe (ref. 5) that attractive ir-lone pair interactions involving the phenyl group in salts and the oxygens in 2,2-diinethyl-
1,3-dioxolanyl groups (cf. ref. 9) of crowns can contribute to the stabilisation of complexes. 
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Preliminary communication 
Enantiomeric differentiation by a chiral symmetrical crown derived from 
L.iditOl* 
W. DAVID CURTIS, DALE A. LAIDLER, J. FRASER STODDART, JOHN B. WOLSTENHOLME, 
Department of Chemistry, The University, Sheffield S3 711F (Great Britain) 
and GRAHAM H. JONES 
Corporate Laboratory, Imperial Chemical Industries Ltd., P.O. Box No. 11, The Heath, Runcorn, 
Cheshire WA 7 4QE (Great Britain) 
(Received March 2nd, 1977; accepted for publication, March 17th, 1977) 
In our design of enzyme analogues around chiral crown compounds derived from 
carbohydrate precursors, we have incorporated L-threitol" 2 , D-mannito1 5 , D.glucose 5 , 
and D-galactose' into the crown constitution. 1,2:1',2':5,6:5',6'-Tetra0-iSOPrOPYlidene. 
3,3' :4,4'.bisO-oxydiethy1efledi-D-maflflitoV DD41) exhibit 
S2 enantiomeric differentiation 
in complexation equilibria towards (RS)-x.phenylethylammOfliUm hexafluorophosphate. 
Accordingly, it was of interest to discover the effect on chiral recognition of formally 
inverting the configurations at C-2, C-2', C.5, and C-S' of DD-(I) to give the diastereoisom-
eric tetra.O.isopropylidene derivative LL-(2), which we now demonstrate may be obtained 
from L-iditol 6 . 
1,2:5,6.Di-0-isopropylidene-L-iditOl 7 [L.(3)], m.p. 84-85 ° , Ec1D +0.95 0  (c 1.9, 
chloroform), was isolated in 7% yield after chromatography on silica gel (ether) of the 
products resulting from partial acetonation of L-iditOl 6 by a procedure (acetone—zinc 
chloride) analogous to that reported' for the preparation of the corresponding derivative 
from D-mannitol. Treatment of L-(3) with excess of allyl bromide and potasFium 
hydroxide in toluene gave the diallyl ether L-(4) in 66% yield. Ozonolysis of L44), 
followed by borohydride reduction (cf. Ref. 9), then afforded (88%) the crystalline 
"half-crown" diol L-(5), m.p. 80-85 °. Conversion (45 17o) of L(5) into the "half-crown" 
bis(toluene-p.sulphonate) L-(6), [aID +7.1 0 (c 0.72, chloroform), which was purified by 
chromatography on silica gel (ether), was followed by reaction of equimolar proportions 
of L-(5) and L.(6) with sodium hydride in dimethyl sulphoxide to afford, after chroma-
tography on alumina (ether), the tetra-O.isopropylidene derivative LL-(2), m.p. 60-66 0 , 
[aID —6.9 0 (c 0.49, chloroform); 'H.n.m.r. data (C13 202 ): 6 4.36-3.46 (m, 32 H, CH 2 
and CH protons), and 1.34 and 1.30(2 s, 2 X 12 H, 8 X CH 3) (see Fig. la). Subsequently, 
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LL-(2) was obtained in 3.3% yield after chromatography on alumina (ether) of the products 
resulting from reaction between L43), diethylene glycol bis(toluene-p-sulphonate)'° (7), 
and sodium hydride in dimethyl suiphoxide. 
Significant changes were observed in the 'H-n.m.r. spectrum of LL-(2) in CDCI 3 
in the presence of primary alkylanitnonjum salts, indicating the formation of complexes. 
A quantitative assessment of complexing power was obtained by measuring stability 
constants (Ka  in l.moI')for the equilibrium (1) by an 'H-n.m.r. spectroscopic method". 
Stability, constants for R = tBu (Ka 800) and R = PhCH 2  (Ka >10) indicate that the 
crown LL-(2) is capable of high steric differentiation in common with crown DD-(I) which 
is characterised 2  by somewhat lower Ka values for R = t Bu (K a <30) and R = PhCH 2 
Ka 1.5 X 10 6 ) ;  i.e., crown LL-(2) forms slightly stronger complexes than crown DD-(l). 
+ Crown 	RNU 3CrownSCW 	 (1) 
An 'I-l-n.rn.r. spectroscopic method 12 shows that, although crown LL.{2), in con-
trast with crown DD.(1), does not exhibit enantiomeric differentiation in complexation 







J- 8Hz 	 I (II) (R) 
(0) 
6e.o 	 67.0 	65.0 	 64.0 - 	 63.0 	 61.0 
Fig. 1. The 'H-ri.m.r. spectra (100 MHz) of (a) the crown LL-(2) in CD 2 Cl 2 and (b) the equilibrated 
LL-(2)—(R)-(9) 'HC1O 4 and L1-(2)—(S)-(9) 'HCIO 4 complexes in CD 2 Cl 2 , showing (i) the phenyl 
protons, (ii) the methine protons, and (iii) the methyl protons of the complexed salt. The doublet at 
6 3.15, / '-8 Hz, is assigned to one of each of the four pairs of carbohydrate methylene protons. 
does show chiral recognition towards the perchlorate salt of RS).phenyIg1ycine methyl 
ester (RS)-(9) HCI04  in favour of the (R)-isomer. The 'H-n.m.r. spectrum (see Fig. Ib) in 
CD2 C1 2 of the CDCI 3-layer concentrate containing the diastereoisomeric complexes 
LL-(2)---(R)-(9)HC10 4 and LL-(2).--(S)-(9)•HC10 4 in the ratio of 60:40, after equilibra-
tion of the crown LL-(2) (1.0 mol. equiv.), lithium perchlorate (3.0 mol. equiv.), and 
racemic salt (RS)-(9).HCI0 4 (3.0 mol. equiv.) at 00  between CDCI 3 and D2 0, is charac-
terised by small chemical-shift differences between the methine protons [(ii)] and the 
methyl protons [(iii)] of (R)- and (S)-(9)•HCI0 4 . Somewhat surprisingly, crown DD-(l) 
does not show any chiral recognition towards (RS)-(9)HC10 4 . The results are summarised 
in Table I. Comparison between the 'H-n.m.r. spectra (e.g., Fig. lb) of complexes such as 
LL-(2)—(RS)-(9) - HC104  and the free crown LL-(2) reveals, in the spectra of the complexes, 
the presence of an isolated, broadened doublet (J "-8 Hz) shifted to substantially higher 
field and integrating for four protons. We assign this doublet to one of each of the two 
methylene protons on C-1, C-l', C-6, and C-6' in the four 2,2-dimethyl-1,3-dioxolanyl 
groups. This feature was not evident in the 'H-n.m.r. spectra of complexes involving 
crown DD-(1), and so it may be concluded that the configurational differences at C-2, 
TABLE  
*HNMR SPECTROSCOPIC DATA FOR THE CONTENTS OF THE CDcI3 LAYER IN CHIRAL RECOGNITION EXPERIMENTS ON CROWNS DD-(1) AND 
LL-(2) WITH SALTS (RS)-(8) •HCIO 4 AND (RS)-(9) •HC1O 4 
Crown Solvent' 	6(JfHz)1' 	 6(jIHz)b 	 6(J/Hz) 1'[Salt]1[0own]'1 Enantiomeric 
(R)-(8) .HCIO4-[CH3 ] 	(S)-(8) .HCI04 [CH3 ]c 	(R)-(9) .HCI04.1 CHIC 	(S)-(9) .HCI04.[CHIc 	 differentiation 
(R)Salt : (S)Salr e 
OD-(1) CDCI 3 	1.62(7.0) 	 1.67(7.0) 	 -- 	 - 	 1.3 	 62:38f 
DD-(1) C 6 D6 - 	 - 	 5.23 5.28 1.25 50:50 
LL-(2) C 6 D6 	1 •55(7,0)9 	 1 •58(70)9 	 - 	 - 	 1.55 	 50:50 
LL-(2) CD 2 C1 2 - 	 - 	 505 h 502h 1.0 60:40 
°Although equilibrations in the chiral recognition experiments were carried out between CDCI 3 and D 2 0, it was usually advantageous, from the point of view of 
obtaining appreciable chemical-shift differences between originally coincident signals arising from the previously enantiomeric salts, to record spectra in other solvents. 
The fact that no duplications of the signals for the crowns are observed means that exchange between salt and crown is fast on the 'H-n.m.r. time-scale. bThe spectra 
were recorded either (i) at 100 MHz on a Varian HA100 spectrometer or (ii) at 220 MHz on a Perkin-Elmer R34 spectrometer with Me 4 Si as "lock" and internal 
standard. Cconfigurational  assignments were made on the basis of spectra obtained for 1:1 complexes between the crowns and the salts containing both enantiomers but 
enriched in either the (R)- or (S)-isomer. dSaltto.crown  ratios in excess of 1.0 indicate the presence of some 2:1 complex formation. eThe  absolute configurations of 
(R)-(8) and (S)48) correlate with the absolute configurations of (S)-(9) and (R)-(9), respectively. fTls ratio was obtained (see Ref. 2) for the hexafluorophosphate salt 
(RS)-(8) HPF, gmese  chemical shift assignments to (R)-and (S)-(8) 11ClO 4 are arbitrary. hThe  methyl protons of the methoxycarbonyl groups of (R)- and 











C-2', CS, and C-5' in crown LL42) confer a spatial arrangement upon the 2,2-dimethyl-
I ,3-dioxolanyl groups, when they are part of the ida configuration, that orients the two 
pairs of carbohydrate methylene group towards the central complexing cavity on each 
homotopic face of the crown (see Fig. 2). 
ç The chiral recognition of crown LL-(2) towards (RS)49) 1­1004  may be ac-counted for by reference to the three-point binding models for the diastereoisomeric 
( 	complexes shown in Fig. 2, in which the "best" Newman projections for the cations are 
displayed. Inspection of Corey—Pauling—Koltun space-filling molecular models indicates 
that the complex LL-(2)—(S)49)HC10 4 experiences more steric compression of its 
methoxycarbonyl group than does the complex LL-(2)—(R)-(9)HC10 4 , in accordance 
with the observed (R):(S) ratio of 60:40 in the chiral recognition test. 
I-I 
	
H I 	 Ph 	0' Me 






FI04 	P 	 X = CO2Me 
• 	 H flfl M 





1L(2)(S)(9) - kC104 	R 	 X = CO2Me 
0 Me 
Fig. 2. The diasteroisomeric complexes L1.-(2)—(R)-(9) .HC10 4 and LL-(2)—(S)-(9) -HCIO,. 
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To Enzyme Analogues by Lock and Key Chemistry with Crown Corn-
pounds. Part 1. Enantiomeric Differentiation by Configurationally 
Chiral Cryptands synthesised from L-Tartaric Acid and D-Mannitol 
By W. David Curtis, Dale A. Laidler and J. Fraser Stoddart. Department of Chemistry, The University 
Sheffield S3 7HF 
Graham H. Jones, Corporate Laboratory, Imperial Chemical Industries Ltd., P.O. Box No. 11, The Heath, 
Runcorn, Cheshire WA7 4QE 
The requirements of an enzyme analogue are discussed in terms of (i) binding. (ii) chirality. and (iii) functionality. 
The ability of 18-crown-6 derivatives to complex with primary alkylammonium cations indicates the potential of the 
18-crown-6 constitution to provide the binding requirement of an enzyme analogue. Attention is drawn to the 
fact that carbohydrates provide not only functionality but also a relatively inexpensive source of chiral bismethylene-
clioxy units for incorporation into the 18-crown-6 framework. The optically pure configurationally chiral crypt-
ands L-(14). LL-(15). LL-(16). LL-(17). DD-(17), LL-(18). DD-(28). D-(29), DDD-(30), DD-(31). DD-(32). and 
DD-(33) have been synthesised from L-tartaric acid and D-mannitol. The 18-crown-6 locks excluding the 
tetraol LL-(16) and the octaol DD.(31), have been shown by 'H n.m.r. spectroscopy to form complexes in CD,CI, 
with primary alkylammonium salts. The stability constants for complexes formed in CDCI 3 solution between (i) 
t-butylammonium thiocyanate and (ii) benzylammonium thiocyanate and some of these 18-crown-6 locks have 
been determined by an 'H n.m.r. spectroscopic method and compared with the complexing ability of 18-crown-6 
(34). 'H and "C N.m.r. spectroscopy has been used to demonstrate that the locks LL-(18) and DD-(28) exhibit 
enantiomeric differentiation in complexation equilibria towards (AS) -- phenylethylammonium hexafluorophos-
phate [(RS)-(8),H PF 6 J. The tetraol LL-(16) and the octaol Do-(31) have been shown by 'H n.m.r. spectroscopy 
to form complexes in CD 3 0D and D,O with primary alkylammonium salts. The tetra -O- isopropyl idene deriv-
ative DD-(28) forms strong complexes in methanolic solution with alkali metal cations. 
HISTORY records 1  that serendipity played a crucial role 
in the discovery by Pedersen 2  of the so-called crown 
ethers. The accidental synthesis of dibenzo-18-crown-6 
(1) led 1.2  directly to the appreciation that this corn- 
C. J. Pedersen, Aidrichim. Ada, 1971, 4, 1. 
C. J. Pedersen, J. Amer. Chem. Soc., 1967, 89, 2495, 7017; 
Org. Synth., 1972, 52, 66.  
pound exhibits intriguing properties. Perhaps most 
significant is the fact that it forms stable complexes, 
both in the crystalline state 3  and in solution ,1,2,4 with 
M. R. Truter and C. J. Pedersen, Endeavour, 1971, 30, 142; 
M. R. Truter, Struclure and Bonding. 1973, 16, 71. 
' C. J. Pedersen and H. K. Frensdorft, Angew. Chem. Internat. 




metal (particularly the salts of the alkali and alkaline 
earth metals), ammonium, and primary alkylammonium 
salts. 
Our earlier interests in (i) the synthesis and con-
formational behaviour' of the achiral macrocyclic poly-
acetals 5 (2) and (3) and the chiral 1,3,6,8-tetraoxacyclo-
decanes 6 (4) and (5) from carbohydrate precursors and 
(ii) the problem of assigning relative configurations to 
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the two di-trans-isomers of the bistetramethylene-
1,3,6,8-tetraoxacyclodecane 7  (6) were revived in 1972 
when we undertook the stereospecific synthesis of the 
two di-trans-isomers of dicyclohexyl-18-crown-6 (7) from 
(±)-cyclohexane-lraiis-1,2-diol. Initially, we had two 
objectives: (i) to resolve the confused situation 8  regard-
ing the relative configurational assignments to two 
isomers—now known 9 to be the two di-cis-isomers---of 
dicyclohexyl-18-crown-6 (7) and (ii) to prepare the way 
for the synthesis of the pure enantiomers with the 
lrans,anU,trans-configuration from (+)- and (—)-cyclo-
hexane-trans-1,2-diols, respectively. In the event, ob-
jective (i) has been realised 8  and objective (ii) has not 
* Whitham and his associates 10  have prepared (+)-trans, anti . 
irans-dicyclohexyl- 18-crown-6 and (+ )-trans-cyclohexyi- 18- 
crown-6 from (+ )-cyclohexane-trans-1,2-diol. 
J. F. Stoddart, W. A. Szarek, and J. K. N. Jones, Caned. J. 
Chem., 1969, 47, 3213. 
J. F. Stoddart and W. A. Szarek, Canad. J. Chem., 1968, 48, 
3061; R. G. S. Ritchie, J. F. Stoddart, D. M. Vyas. and W. A. 
Szarek, Carbohydrate Res., 1974, 32, 279. 
T. B. Grindley, J. F. Stoddart, and W. A. Szarek, J. Amer. 
Chem. Soc., 1969, 91, 4722. 
8  J F. Stoddart and C. M. Wheatley, J.C.S. Chem. Comm., 
1974, 390; 1. J. Burden, A. C. Coxon, J. F. Stoddart and C. M. 
Wheatley, J.C.S. Perkin I, 1977, 220.  
been pursued by us because of the convincing demon-
stration by Cram and his associates 11 in 1973 that chiral 
crown ethers require a high degree of chirality associated 
with them in order to exhibit chiral recognition in 
molecular complexing. 
The isolation 8  of crystalline 1: 1 complexes of the 
trans,syn,lrans isomer of dicyclohexyl- 18-crown-6 (7) 
with methyl-, t-butyl-, and benzyl-ammonium thio-
cyanates illustrates the potential of the 18-crown-6 
constitution for complexing with primary alkyl-
ammonium cations. This potential was first recognised 
by Pedersen 2  and has been further investigated, 
extended, and exploited by Cram 12,13  more recently. 
It has been suggested 12,13  that binding in the complex 
arises from hydrogen bonds involving the three hydrogen 
atoms on the RNH 3 cation with alternate oxygen 
atoms on the 18-crown-6 cycle. The lone pairs of 
electrons on the other three oxygen atoms probably lend 
some additional electrostatic stabilisation to the posi-
tively charged nitrogen of the RNH 3 cation. In-
spection of molecular models employing an N-O distance 
of 2.88 A for the three N-H . . . 0 hydrogen bonds 14 
indicates that the complex is of a face-to-face type as 
shown in Figure 1. Although this three-point binding 
model 11-13  provides a useful working hypothesis for the 
structure of the complex, the model awaits some experi-
mental justification in the form of a published crystal 
structure analysis of a suitable complex. Nonetheless, 
the principle is established that crown ethers of appro-
priate dimensions will form strong complexes with 
primary alkylammoniurn cations. Cram 12  has intro-
duced the description ' Host-Guest Chemistry ' to refer 
to this type of complex formation and interrelated 
chemical phenomena. We recall Fischer's lock and key 
metaphor 15 to describe the match of an enzyme with its 
substrate in an enzyme-substrate complex and hence 
have decided to apply the description 'Lock and Key 
Chemistry' to our investigations on complexation-
decomplexation equilibria and catalysis with crown 
compounds. In the present context, the lock or host 
refers to the crown compound and the key or guest to 
the primary alkylammonium cation. Finally, on the 
D. E. Fenton, M. Mercer, and M. R. Truter, Biochem. 
Biophys. Res. Comm., 1972, 48, 10; M. R. Mercer and M. R. 
Truter; J.C.S. Dalton, 1973, 2215; N. K. Dailey, D. E. Smith, 
R. M. Izatt, and J. J. Christensen, J.C.S. Chem. Comm., 1972, 90; 
N. K. Dailey, J. S. Smith, S. B. Larson, J. J. Christensen, and 
R. M. Izatt, J.C.S. Chem. Comm., 1975, 43; N. K. Dailey, J. S. 
Smith, S. B. Larson, K. L. Matheson, J. J. Christensen, and R. M. 
Izatt, J.C.S. Chem. Comm., 1975, 84; R. M. Izatt, B. L. Haymore, 
J. S. Bradshaw, and J. J. Christensen, Inorg. Chem., 1975, 14, 
3132. 
0 R. C. Hayward, C. H. Overton, and G. H. Whitham, J.C.S. 
Perkin 1, 1976, 2413. 
1 E. P. Kyba, M. G. Siegel, L. R. Sousa, G. D. Y. Sogah, and 
D. J. Cram,  J. Amer. Chem. Soc., 1973, 95, 2691. 
12 D. J. Cram and J. M. Cram, Science, 1974, 183, 803. 
13  D. J. Cram, R. C. Helgeson, L. R. Sousa, J. Al. Timko, M. 
Newcomb, P. Moreau, F. de Jong, G. W. Gokel, D. H. Hoffman, 
L. A. Domeier, S. C. Peacock, K. Madan, and L. Kaplan, Pure 
Appi. Chem., 1975, 43, 327. 
14 C. G. Pimentei and A. L. McCellan, 'The Hydrogen Bond,' 
Reinhold, New York, 1960, p. 289. 
1b E. Fischer, 11cr., 1894, 27. 2985. 
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subject of nomenclature, Lehn 18  has suggested the use 
of the term cryptand' to describe all types of cavity-
containing ligands. On complex formation, such ligands 
become 17 'cryptates.' The situation is summarised in 
Figure 1. 
J.C.S. Perkin I 
to utilise suitably substituted glucose, galactose, and 
mannose residues (e.g. the 4,6-0-benzylidene derivatives 
of their methyl c-glycosides) in the synthesis of chiral 
asymmetric 18-crown-6 locks. Indeed, this synthetic 





FIGURE 1 Complex formation and nomenclature 
  
Our long-term objective is to build enzyme analogues 
around crown compounds as locks. The binding of 
primary alkylammonium cations as keys is only one 
requirement in the design of such enzyme analogues. It 
is also essential to incorporate chirality and functionality 
into the locks in order to achieve chiral recognition (i) as 
a ground-state phenomenon in complexation—decom-
plexation equilibria involving racemic keys (i.e. enantio-
meric differentiation and ultimately resolution of 
racemic substrates) and (ii) as a transition-state 
phenomenon in chemical reactions involving both achiral 
and chiral substrates (i.e. stereoselective, and ultimately 
stereospecific, catalysis). Binding has been discussed 
already. Now let us consider how we have met the 
requirements for chirality and functionality in our locks. 
In fact, we have appealed to nature directly on both 
scores and in so doing have killed two birds with one 
stone. Not only are carbohydrates and their derivatives 
rich in substituted bismethylenedioxy units for in-
corporation into the 18-crown-6 constitution; they also 
provide a relatively inexpensive source of chirality and 
are usually well endowed with functionality. Our first 
thoughts, emanating from our interest 8 in cyclohexane-
trans-1,2-diol as a precursor of crown compounds, were 
10 B. Kaempf, S. Raynal, A. Collet, F. Schué, S. Boileau, and 
J.-M. Lehn, Angew. Chem. Internal. Edn., 1974, 18, 611. 
17 J.-M. Lehn, Structure and Bonding, 1973, 16, 1. 
18 D. A. Laidler and J. F. Stoddart, Carbohydrate Res., in the 
press. 
10 J. F. Stoddart, 'Stereochemistry of Carbohydrates,' Wiley-
Interscience, New York, 1971, pp. 19-23.  
reported 18 briefly. However, the attractions of select-
ing carbohydrates with C2 symmetry are considerable 
because of the relative ease this introduces into the 
syntheses of chiral symmetric 18-crown-6 locks. While 
both the tetritols and hexitols amongst the common 
alditols have the required constitutional symmetry, only 
threitol, mannitol, and iditol fulfil 19  the C2 symmetry 
requirement. In this paper we describe the syntheses 
and evaluation of a range of chiral symmetric 18-crown-6 
locks incorporating (i) L-threitol (which is derived from 
L-tartaric acid) and (ii) D-mannitol (which is readily 
available). This investigation has been the subject of 
two communications. 20 The incorporation of L-iditol, 
obtainable on reduction 21 of L-sorbose, into crown 
compounds has also been achieved recently and the 
results have been reported 22 briefly. 
EXPERIMENTAL 
The general methods have been described elsewhcre. 8 ' 3 
(4R,5R)-Diethyl 2-1`henyl- 1,3-dioxolan-4,5-dicarboxylate 
(Diethyl 2, 3-O-benzylidene-L-tartrate), L-(9) .—Diethyl 
L-tartrate (250 g) was treated with benzaldehyde (250 g) 
and fused zinc chloride (250 g) at room temperature for 
20 h.. Extraction with chloroform afforded a yellowish oil 
0 W. D. Curtis, D. A. Laidler, J. F. Stoddart, and G. H. Jones, 
J.C.S. Chem. Comm., 1975, 833, 835. 
21 W. G. M. Jones and L. F. Wiggins, j.  Chem. Soc., 1944, 383. 
" W. D. Curtis, D. A. Laidler, J. F. Stoddart, J. B. Woisten-
holme, and G. H. Jones, Carbohydrate Res., in the press. 
U A. C. Coxon and J. F. Stoddart, J.C.S. Chem. Comm., 1974, 




which crystallised. Recrystallisation from ethanol—water 
gave diethyl 2,3-0-benzylidene-L-tartrate, L-(9) (122 g, 
35%), m.p. 450  (lit., 24 49-49 °), [cc] —33.8° (c 1.5 in CHC1 3 ) 
[lit., 24  —40.0° (c 1.0 in Et20) (Found: C, 61.3; H, 6.3%; 
M, 294. CaIc. for C 15H 1808 : C, 61.2; H, 8.2%; M, 294), 
'r (CDC13) 2.32-2.80 (5 H, m, aromatic), 3.86 (1 H, s, 
PhCH), 5.09 and 5.19 (2 H, AB, JAB  4 Hz, other CH), 
5.70 and 5.76 (2 x 2 H, 2 x q, J 7.5 Hz each, 2 x 
CO,-CH,-CH,), and 8.68 and 8.73 (2 x 3 H, 2 x t, J 7.5 
Hz each, 2 x CO 2 'CH2 CH3). 
(4S,5S)-4, 5-BishydroxymeMyl-2-henyl- 1, 3-dioxolan (2,3-
O-Benzylidene-L-threitol), L-(10).—The diester L-(9) (64 g), 
dissolved in ether (200 ml), was added dropwise with stirring 
to lithium aluminium hydride (16 g) in ether during 1 h. 
The mixture was heated under reflux for 1 h, then cooled, 
and the excess of hydride was destroyed by addition of 
aqueous 15% sodium hydroxide (60 ml). After filtration, 
the ethereal solution afforded a colourless oil (10.5 g) which 
crystallised.. Soxhiet extraction of the inorganic residues 
with ether for 3 days yielded more (31.6 g) crystalline 
product (total yield 42.1 g, 92%). A small portion of the 
crude product was recrystallised from ether to afford 
2,3-0-benzylidene-L-threilol, L-( 10), m p. 69-70°, [cc]0 - 11.4° 
(c 2.1 in CH 3OH) (Found: C, 62.7; H, 6.6%; M, 210. 
C11H 1404 requires C, 62.9; H, 6.7%; M, 210), r (CDC1 3 ) 
2.50-2.85 (5 H, m, aromatic), 4.14 (1 H, s, PhCH), and 
5.80-6.45 (8 H, m, CH 2, other CH, and OH). 
(4S,5S) -4, 5-Bis (benzyloxymelhyl) -2-phenyl- 1, 3-dioxolan 
(1 ,4-Di-O -benzyl-2, 3-O-benzylidcne-L-threitol), L- (ii).—The 
diol L-(10) (15 g) was treated with benzyl bromide (71.5 g) 
and potassium hydroxide (30 g) in dry toluene (50 ml) at 
80 °C for 18 h. After cooling and washing with water, 
concentration of the toluene solution afforded a yellowish 
oil (26.8 g, 96%), M' 390. (CDC13) 3.32-2.74 (15 H, m, 
aromatic), 4.04 (1 H, s, PhCH), 5.40-5.45 (4 H, m, PhCH 2), 
5.60-5.91 (2 H, m, other CH), and 6.10-6.50 (4 H, m, 
other CH 2 ) 1  which was used in the next step without further 
purification. 
(4S,5S) -4, 5-Dihydroxy- 1, 8-diphenyl-2 , 7-dioxaoctane (1,4-
Dj-O-benzyl-L-threitol), L-(12).—The crude dibenzyl ether 
i411) (57 g) was heated under reflux in methanol—water 
(4: 1; 250 ml) for 1 h in the presence of Zeo-Karb 325 
resin (30 g) (HI form). The resin was then filtered off and 
the filtrate concentrated to give a brownish oil (45 g), 
which was chromatographed on silica gel (ether as eluant). 
The crude crystalline product was recrystallised from 
chloroform—light petroleum (b.p. 60-80 °C) to afford 
1,4-di-O-benzyl-L-lhreit0l, L-(12) (17.4 g, 38%), m.p. 66 °, 
[cc]0 - 5.5° (c 5.0 in CHC13) (Found: C, 71.7; H, 7.4%; 
302. C18H2204 requires C, 71.5; H, 7.3%; M, 302), 
'r (CDCI 3) 2.68 (10 H, s, aromatic), 5.46 (4 H, s, PhCH 2), 
6.02-6.26 (2 H, m, CH), 6.30-6.48 (4 H, m, other CH,), 
and 7.15br (2 H, s, OH). 
2,2'-Oxybis(ethyl losylate) (13).—Diethylene glycol (106 g) 
was tosylated with toluene-p-sulphonyl chloride (420 g) in 
dry pyridine (500 ml) as described previously 8,23  to afford 
the ditosylate (13) (202 g, 50%), m.p. 96° (lit., 25 98°). 
(2S,3S) -2 ,3-Bis(benzyloxymethyl)- 1,4, 7-lrioxaeyclononane 
(1 ,4-Di-O-benzyl-2, 3-oxydiethylene-L-lhreitol), L-( 14), and 
(2S,3S, 1 iS,! 2S)-2,3, 11,12-letrakis(benzylozyrnelhyl)- 
1,4,7,10,13, 16-hexaoxacyclo-ocladecane 	( 1, l',4,4'-le1ra-O- 
benzyl-2,2': 3, 3'-bis-O-oxydielhylenedi-L-lhreilol), 	LL-(15).— 
14 E. Ehrlenmeyer, Biochern. Z., 1915, 63, 351. 
15 J. Dale and P. o. Kristiansen, Ada Chem. Scand., 1972, 28, 
1471. 
The diol t-(12) (2.0 g) was dissolved in dimethyl suiphoxide 
(25 ml) and sodium hydride (0.64 . g) was added. The 
mixture was stirred under nitrogen at room temperature for 
1 h before the temperature was raised to 40 °C. A solution 
of the ditosylate (13) (3.2 g) in dimethyl sulphoxide (25 ml) 
was added and the mixture was stirred under nitrogen for 
60 h. On cooling, the excess of hydride was destroyed with 
water (50 ml). Extraction with chloroform yielded a crude 
oil (2.1 g), which was chromatographed on silica gel (100 g) 
(ethyl acetate as eluant) to afford a mixture of two com-
pounds. These were separated by preparative t.l.c. on 
silica gel (ethyl acetate as eluant). The faster moving 
component was isolated as a colourless oil which crystallised 
to give the 9-crown-3 derivative L-(14) (81 mg, 3%), m.p. 
Ca. 400, [cc]D + 19.3° (c 5.8 in CHCI 3), M 372, T (CDC13) 2.70 
(10 H, s, aromatic), 5.46 and 5.60 (4 H, AB system, JAB  
115 Hz, PhCH2), and 5.82-8.72 (14 H, in, other CH. and 
CH). The slower moving compcnent was isolated as an 
oil and characterised as the 18-crown-6 derivative LL-(15) 
(274 mg, 11%), [cc]0 +5.8° (c 3.5 in CHCI3), M' 744, 
'r (CDCI 3) 2.70 (20 H, s, aromatic), 5.51 (8 H, s, PhCH5), and 
6.08-6.64 (28H, m other CH 2 and CH). 
(2S,3S, 1 1S, 12S)-2,3, 11, 12-Tetrakis(hydroxymethyl)-
1,4,7,10,13,1 6-hexaoxacyclo-octadecane ( 2,2': 3,3'-Bis-O-oxy-
dielhylenedi-L-threitol), LL-(16).—The tetrabenzyl ether LL-
(15) (660 mg) was hydrogenolysed at atmospheric pressure 
in methanol (30 ml) over 5% palladium—carbon (150 mg). 
After filtration, the methanolic solution was concentrated 
to give an oil (260 mg, 65%) which was the tetraol LL-(18), 
M 4 ' 384, 'r [CDC13—(CD 3 ) 2C0] 5.90---6.50 (m, all protons). 
(2S,3S, 1 iS, 12S)-2,3, ii, l2-Telrakis(aetoxvnelhyl)-
1,4,7,10,13,1 6-hexaoxacyclo-ocladecane ( 1, 1',4, 4'-Telra-O-
acelyl-2, 2': 3, 3'-bis-O-oxydielhylenedi-L-threitol, LL-(17).—The 
tetraol LL-(16) (250 mg) was acetylated with acetic an-
hydride (5 ml) and pyridine (20 ml) to give the tel ra-ac.et ate 
LL-(17) (322 mg, 89%), m.p. 81°, [cc] 0 —20.5° (c 5.0 in CHC1 5 ) 
(Found: C, 52.1; H, 7.1%; M', 552. C24H40014 requires 
C, 52.2; H, 7.3%; M, 552), 'r (CDCI 3) 5.58-----6.02 (8 H, in, 
AB of ABX, JAB  11.5, JAx 3.5, JBX  5.5 Hz, 4 x CH2 OAc), 
6.04-6.48 (20 H, m including X of ABX, CH and other 
CR 2), and 7.94 (12 H, s, 4 x CH 2 OAc). 
(2S,3S, I is. I 25)-2,3, 11, 12-Tetrakis(lriphenylmethoxy-
methyl)- 1,4,7,10,13,1 6-hexaoxa&yclo-octadecane ( 1, 1',4,4'-
Tetra-0-lriphenylmelhy1-2, 2': 3, 3'-bis-O-oxydiethylen€di-L-
threilol), LL-(18).—A solution of trityl chloride (600 mg) in 
pyridine (2 ml) was added dropwise with stirring to the 
tetraol LL-(16) dissolved in pyridine (5 ml). The mixture 
was stirred under nitrogen for 3 days and then heated to 
100 °C for 1 h. On cooling, the mixture was poured on to 
ice—water. Filtration removed trityl chloride and ex-
traction of the filtrate with chloroform afforded the tetra-
trityl ether LL-(18) (510 mg, 73%), M 1 352, 'r (CDCI 3 ) 
2.40-3.06 (60 H, m, aromatic) and 5.78-7.40 (28 H. in, 
CH, and CH). 
1,2: 5,6-Di-O-isoropylidene-D-mannitol, D-(23).—The re-
action of D-mannitol (85 g) with dry acetone (675 ml) and 
zinc chloride (135 g) was carried out as described by Baer 16  
to give di-O-isopropylidenemannitol, D-(23) (38.1 g, 31%), 
m.p. 118° (lit., 117-119°), r (CDC1 3) 5.70-6.20 (6 H, in, 
2 x H-1, H-2, H-5, and 2 x R-6), 6.27br (2 H, t, Joou 
6.0 Hz, H-3 and H-4, collapses to d after shaking with D 20), 
6.92 (2 H, d, Jncou  6.0 Hz, 2 x OH, disappears on shaking 
with 13 20), and 8.59 and 8.65 (2 x 6 H, 2 x s, 4 x Cl-I 3 ). 
26 E. Baer, J. Amer. Chem. Soc. 1945, 87, 338; see also G. 
Kohan and G. Just, Synthesis, 1974, 192. 
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3-0-Ally1-1,2:5, 6-di-O-isoi'oylidene-D-mannitol, D-(24), 
and 3,4-Di-0-allyl- 1,2:5,6-di-O-isopropylidene-n-mannitol, D-
(25) .—Di-O-isopropylidenemannitol, D-(23) (20 g), was 
stirred with powdered potassium hydroxide (18.6 g) and 
freshly distilled allyl bromide (26 ml) in dry toluene (450 ml) 
at 60-65 °C for 24 h. On cooling, the mixture was washed 
with water, dried (Na 2SO4), and concentrated to give an oil 
which was shown by tic. on silica gel (chloroform as eluant) 
to he a mixture of two components. Column chromatography 
on silica gel (800 g) and elution with chloroform afforded the 
faster moving component, the diallyl ether D-(25) (11.7 g, 
45%), [c] +15° (c 3.0 in CHC1 3) (Found: C, 62.9; H, 
8.8%; M, 342. C18H3006 requires C, 63.1; H, 8.8%; 
M. 342), 'r (CDCI 3) 3.90-4.32 (2 H, m, 2 x CH 2 CHCH2), 
4.62-4.97 (4 H, m, 2 x cH 2•cH:cH2), 5.68-6.20 (10 H, 
in,* 2 x H-i, H-2, H-5, 2 x H-6, and 2 x CH 2 CH:CH2), 
6.40 (2 H, d, J 5 Hz, H-3 and H-4), and 8.61 and 8.67 
(2 x 6 H, 2 x s, 4 x CH,). This compound has been 
reported previously 27  but the only experimental data 
given was the b.p. (lit., 27 110-118° at 1 mmHg). The 
slower moving component, isolated as an oil as well, was 
the monoallyl ether D-(24) (8.8 g, 38%), M 302, r (CDCI 3) 
3.86-4.29 (1 H, m, CH 2.CHCH2), 4.60-4.98 (2 H, m, 
cH 2•cH:CH2 ), 5.60-6.32 (9 H, m, 2 x H-i, H-2, H-3, H-5, 
2 x 1-1-6, and CH,•cH:Ci-1 2), 6.32-6.60br (1 H, m, H-4, 
sharpens upon shaking with D 20), 7.63br (1 H, s, OH, 
disappears on shaking with D 2O), and 8.59 and 8.65 (2 x 
6 H, 2 x 5, 4 x CH.). 
3,4-Di-O-allyl- 1,2:5, 6-di-O-isopropylidene-D-mannitol, 0-
(25).—(a) The monoallyl ether D-(24) (4.86 g) was heated 
undr refiux in dry toluene (100 ml) with potassium 
hydroxide (3.2 g) and allyl bromide (7.8 g) for 60 h. On 
cooling, the mixture was treated as described above to 
afford an oily product, the diallyl ether D-(25) (5.41 g, 98%). 
(b) Di-O-isopropylidenemannitol, D-(23) (26 g), was heated 
overnight in dry toluene (250 ml) at 85-90 °C with potas-
sium hydroxide (20 g) and allyl bromide (33.3 ml). On 
cooling, the mixture was treated as described above to 
afford a yellowish oil, the diallyl ether D-(25) (31.1g, 91%). 
3,4-Bis-O- (2-hydroxyethyl) - 1,2:5, 6-di-O-isopropylidene-u-
inannitol, o-(26).—The diallyl ether n-(25) (29.5 g) was 
dissolved in methanol (600 ml) and stirred at .- 78 °C while 
ozone was passed through the solution until an aqueous 
potassium iodide trap became dark as a result of iodine 
formation in the presence of excess of ozone. Excess of 
ozone in the methanolic solution was removed by flushing 
with oxygen for 30 mm. Then, a solution of sodium 
borohydride (13.6 g) in methanol-water (1 :1, 200 ml) was 
added dropwise to the stirred mixture maintained below 
—21 °C. The mixture was stirred overnight at room 
temperature and concentrated to one-third of its original 
volume, and then water (100 ml) was added. The pre-
dominantly aqueous solution was extracted with chloroform 
several times and the combined extracts were dried (MgSO 4), 
filtered, and concentrated to give an oil. This was sub-
jected to column chromatography on silica gel. Elution 
with ether removed impurities. Elution with ether-
methanol (19: 1) afforded a crystalline compound which 
was rerystallised from ether-light petroleum (b.p. 60-
80 °C) to give the pure 'half-crçwn ' diol D-(26) (4.27 g, 
14%), m.p. 76-77°, []D  +14.8' (c 2.1 in CHCI3) (Found: 
C, 54.8; H, 8.6%; M• - 15, 335. C16H3008 requires C, 
54.8; H, 8.6%; M, 350), 'r (CDCI 3) 5.58-6.54 (16 H, in, all 
27 A. N. Wrigley and E. Yanovsky, J. Anier. Chem. Soc., 1948, 
70, 2194. 
CH and CH,), 6.74br (2 H, s, 2 x OH), and 8.58 and 8.65 
(2 x6 H, 2 x s, 4 x CH,). In subsequent preparations 
the yield of n-(26) was increased to 82% by omission of the 
chromatographic step. 
1,2:5, 6-Di-O-isopropyiidene-3,4-bis-O-(2-p-tolylsulphonyl-
oxyeihyl)-n-mannitol, D-(27) .—The ' half-crown ' diol j)-(26) 
(20 g) was stirred in dry pyridine (170 ml) cooled in an ice-
bath. Toluene-p-sulphonyl chloride (24 g) was dissolved 
in dry pyridine (170 ml) and added to the diol solution 
during 2.5 h. The mixture was stirred overnight and then 
poured on to ice (600 g). A product precipitated from 
solution. It was filtered off, dried, and recrystallised from 
methanol to afford prisms of the 'half-crown ' ditosylate 
D-(27), m.p. 91-94°, [] + 12.1° (c 0.7 in CHCI 3) (Found: 
C, 54.8; H, 6.6%; Il1, 658. C30H 42012S2 requires C, 
54.7; H, 6.6%; M, 658), 7 (CDCI 3) 2.12-2.77 (8 H, 2 x 
AA'BB', aromatic), 5.79-6.32 (14 H, m, H-2, H-5, and all 
CH,), 6.49 (2 H, d, J 5 Hz, H-3 and H-4), 7.58 (6 H, s 
2 x C 6H4CH3), and 8.16 and 8.72 (2 x 6 1-1, 2 x s,4 x CH,). 
1,2: 1',2':5,6:5',6'-Tetra-0-isopropylidene-3,3':4,4'-bis-0-
oxydiethylenedi-u-inannitol, DD-(28) .—The' half-crown 'dm1 
D-(26) (2.0 g) was stirred in dimethyl sulphoxide (30 in]) 
under nitrogen, sodium hydride (0.55 g) was added, and the 
temperature was raised to 50 °C. A solution of the ' half-
crown ' ditosylate D-(27) (4.16 g) in dimethyl sulphoxide 
(30 ml) was added dropwise. The mixture was stirred at 
50 °C for 48 h then allowed to cool, and water was added 
carefully. The aqueous solution was extracted with 
chloroform (4 x 100 ml) and the combined extracts were 
washed with water, dried (M9SO 4 ), filtered, and concen-
trated to an oily residue which was chromatographed on 
silica gel. Elution with ether-methanol (24: 1) gave the 
pure 18-crown-6 derivative DD-(28) (270 mg, 14%), [1 ±7.6 ° 
(c 0.59 in chloroform) (Found: C, 57.8; H, 8.5%; M', 664. 
C32H 56014 requires C, 58.3; H, 8.7%; ]W, 664), (liquid) 
2 990, 2 940, 2 890, 1 380, 1 370, 1 250, 1 220, 1 065, and 
850 cm', (CDCI 3) 5.60-6.60 (32 H, in, all CH and CH 2), 
and 8.61 and 8.66 (2 x 12 H. 2 x s, 8 x CH 3). 
1,2:5, 6-Di-O-isopropylidene-3,4-O-oxvdiethylene-D-
mannitol, D-(29), 1,2:1', 2': 5,6:5', 6'- Tetra-O-isopropylidene-
3, 3':4,4'-bis-O-oxydiethylenedi-u-rnannitol, DD-(28), and 
1,2:l',2':1",2":5,6:5',6': 5",6"-Hexa-O-isopropylidene- 
3,3', 3": 4, 4',4"-tris-O-oxydiethylenetri-n-rnannitol, ODD- (30). 
—Di-isopropylidenemannitol, D-(23) (22 g), was stirred in 
dimethyl sulphoxide (370 nil), sodium hydride (8.0 g, and 
the ditosylate (13) (38 g) were added, and the temperature 
was raised to 50 °C. The mixture was stirred for 48 h, 
allowed to cool, and poured into water (1 1). The aqueous 
solution was extracted with chloroform and the combined 
extracts were washed with water, dried (MgSO 4), filtered, 
and concentrated to a brownish oil (33 g), which was 
chromatographed on alumina (1.5 kg; Laporte type H 
deactivated with 4% water). Elution with ether gave the 
pure 9-crown-3 derivative D-(29) (3.5 g, 13%) as an oil, 
M 332. Further elution with ether gave the pure 18-
crown-6 derivative DD-(28) (6.7 g, 24%) as an oil, and also 
the pure 27-crown-9 derivative DDD-(30) (2.7 g, 10%) as an 
oil, M 996, VL  (liquid) 2 990, 2 940, 2 890, 1 380, 1 370, 
1 250, 1 065, and 850 cm'. 
3, 3':4,4'-I3is-O-oxydielhylenedi-ri-niannitol, DD-(31).—The 
tetra-O-isopropylidene derivative DD-(28) (1.2 g) was 
dissolved in acetone-water (3: 2; 150 ml) and refluxed with 
Zeo-Karb 325 resin (1.0 g) (H form). The resin was 
filtered off after 24 h and the solution was concentrated to 




(820 mg, 90%). m.p. 69_710, [a] +24.5 0 (c 2.23 in CH3OH) 
(Found: C, 48.0; H, 8.0%; M + 1, 505. C20H400 14  
requires C, 47.6; H, 8.0%; M, 504), 'r (CD,OD) 5.90-6.62 
(all protons, m with two sharp s evident at 6.21 and 
6.37). 
1, 1',2,2',5,5',6,6'-Octa-O-acelyl-3,3':4,4'-bis-O-oxydiethyl-
enedi-o-niannitol, DD-(32).—The octaol DD-(31) (460 mg) 
was acetylated with acetic anhydride (20 ml) in pyridine 
(50 ml) to give the octa-acetale DID-(32) (729 mg, 95%), 
[JD +48.4° (c 0.57 in CHCI3) ( Found: C, 51.3; H, 6.8%; 
M, 840. C36H,6022  requires C, 51.4; H, 6.7%; M, 840), 
(liquid) 2 920, 1 745, 1 375, 1 225, 1100, and 1 045 
cm', T (CDCI 3) 4.64-4.86 (4 H, m, X of ABX, 4 x 
AcOCH), 5.28-5.82 (8 H, AB of ABX, JAB  12.5,  fAX  3.0, 
JBx 6.5 Hz, 4 x AcOCH,), 6.12-6.54 (20 H, m, other CH 
and CH,), and 7.92 and 7.94 (2 x 12 H, 2 x s, 8 x Ac). 
1,1 ',2,2',5,5',6,6'-Octa-O-methyl-3,3':4,4'-bis-O-oxydi-
ethylenedi-D-niannitol, DD-(33).—The octaol DD-(31) (164 
mg) was methylated with methyl iodide in 1.2-dimethoxy-
ethane with sodium hydride as base to give the octamethyl 
ether DD-(33) (112.5 mg, 56%), [JD +4.7 °  (c 1.09 in CHC1,), 
M 616, 'r (CDC1 3) 5.74-6.80 (all protons, m with two sharp 
s in evidence at 6.58 and 6.60 for 8 x OCH3). 
(2R,3R, 1 1R, 12R)-2,3 11, 12-Telrakis(acatoxymelhyl)- 
1,4,7,10,13,1 6-hexaoxacyclo-octadecane 	(1, 1',4,4'-Tetra-O- 
acetyl-2, 2': 3, 3'-bis-O-ox), ,dielliylenedi-Ddhreitol), 	DD-(17).— 
The octaol on-(31) (2.23 g) was dissolved in water (100 ml) 
and sodium periodate (3.98 g) in water (100 ml) was added. 
The mixture was kept at room temperature for 20 h. After 
the excess of periodate and iodate had been precipitated 
with aqueous 10% barium chloride, sodium borohydride 
(2.0 g) was added to the filtered solution and the mixture 
was kept at room temperature for 5 h. The solution was 
then acidified with glacial acetic acid and concentrated. 
The residue which was acetylated with acetic anhydride 
(30 ml) in pyridine (124 ml) to yield a brownish oil (1.6 g). 
This was subjected to column chromatography on alumina 
(70 g; Laporte type H deactivated with 2.5% water). 
Elution with ether-methanol gave partially hydrolysed 
material. This was reacetylated to give the tetra-acetate 
DD-(l7) (690 mg, 28%), [a] D +20.2° (c 5.0 in CHCI 3), M 
552. The 'H n.m.r. spectrum (CDCI 3) was identical with 
that obtained for the enantiomeric tetra-acetate LL-(17). 
Primary A Thylammonium Thiocyanates.—Equimolar pro-
portions of the primary alkylammonium chloride and 
sodium thiocyanate were dissolved in water. The aqueous 
solution was concentrated and the residue was extracted 
with ethanol to afford the crude thiocyanate. In most 
cases, the thiocyanates were crystalline and were re-
crystallised from appropriate solvents to give the pure 
primary aThylammoniuon thiocyanates (Table 1). 
Stability Constant !vteasurements.—(a) Metal cationic 
complexes. The concentration stability constants for the 
formation of 1 : 1 polyether-cationic complexes of the lock 
DD-(28) with Na, K, and Rb in methanolic solution 
were measured potentiometrically with ion selective 
electrodes [(i) a Corning NAS 11-18 (cat. no. 476210) 
sodium ion electrode for Na' and (ii) a Corning monovalent 
cation electrode (cat. no. 476220) for K and Rb]. The 
stability constants, defined by the equilibrium constants 
28 H. K. Frensdorfi, J. Amer. Chem. Soc., 1971, 83, 600. 
29 J M. Timko. R. C. Helgeson, M. Newcomb, G. W. Gokel, 
and D. J. Cram, J. Amer. Chem. Soc., 1974, 96, 7097. 
'° E. P. Kyba, K. Koga, L. R. Sousa, M. G. Siegel, and D. J. 
Cram, J. Amer. Chem. Soc., 1973, 95, 2692.  
(K'/l mol') for complex formation according to equation 
(1), were obtained by a modification 8 of the method 
K' 
	
L + MnMeOH 	LM + nMeOH 	(1) 
described by Frensdorff, 28 assuming only 1: 1 complex 
formation between the lock, L, and the metal cation, M+. 
(b) Primary alleylammonium cationiccoonplexes. Stability 
constants, defined as equilibrium constants (Ka/l mol') for 
the equilibrium (2), were measured in CDC], by an 'H n.m.r. 
spectroscopic method. 29 In a typical determination, a 
Ka 
RNH3 SCN + lock 	RNH 3 (lock)SCN (2) 
0.14M-solution of the lock in CDC1, (0.6 ml) was shaken at 
room temperature with a l.OM-solution of the salt 
RNH3 SCN in D,O (0.3 ml). The layers were separated 
and the 'H n.m.r. spectrum of the CDC1 3 layer was recorded. 
The relative concentrations of the key and lock were 
determined by integration of suitable signals. 
Chiral Recognition—An n.m.r. spectroscopic method 30,31 
was used to identify the diastereoisomeric complexes and 
obtain their relative proportions at equilibrium in the 
CDC13 layer after partitioning of (+)- (R) - , (-)-(S)- and 
(±)-(RS)-a-phenylethylamine [(+)-(R)-(8), (-)-(S)-(8), and 
(±)- (RS) - ( 8)] hexafiuorophosphate salts between D,O and 
CDCI 3 in the presence of chiral locks. In all cases three 
experiments were performed in which the key was par-
titioned between D,O and CDC1 3 in the presence of the 
chiral lock. In type (i) experiments, 0.126 inmol of lock 
dissolved in 0.7 ml of CDCI, .vas shaken for 1 min at room 
temperature with 0.8 ml of D,O containing 0.745 mmol of 
(+)- (RS) - ( 8 ),HC1  and 0.745 mmoi of LiPF6 . The 'H n.m.r. 
and/or broad-band decoupled 13C n.m.r. spectrum were/was 
then recorded and integrated. In experiments (ii) and 
(iii), (+)-(R)-(8),HC1  and (-)-(S)-(8),HC1, respectively, 
replaced (±)-(RS)-(8),HC1  and thus permitted configur-
ational assignments to be made to the diastereoisomeric 
complexes. Although diastereoisomeric complex formation 
is accompanied by significant changes in the n.m.r. spectra 
of the locks, it manifests itself most noticeably in small 
chemical shift differences between originally coincident 
signals arising from the previously enantiomeric keys. In 
type (i) experiments two doublets were observed in some 
cases in the 'H n.m.r. spectra for the methyl groups of the 
keys in the diastereoisomeric complexes formed between 
the chiral locks and the enantiomeric keys. The molar 
ratios of key to lock were obtained directly from integration 
and the enantiomeric differentiations [i.e. (R) : (S) ratios] 
were deduced by (i) integration and (ii) line-shape analysis 
on expanded spectra (50 Hz sweep width) using a computer 
program suitable for exchange between two sites which 
experience independent coupling to two other sites. 32 On 
the assumption that no exchange occurs between the two 
sites (the rate constant for site exchange is set equal to 
zero), the chemical shifts, coupling constants, half-height 
peak widths, and relative populations are varied to give the 
best match with the experimental spectrum. The relative 
populations of the two sites give the (R) : (S) ratios. 
' C. M. Deber and E. R. Blout, J. Amer. Chem. Soc., 1974, 99, 
7566; B. Bartman, C. M. Deber, and E. R. Blout, ibid., 1977, 99, 
1028. 
" I. 0. Sutherland, Ann. Rev. NMJ? Spectroscopy, 1971, 4,71; 
G. Binsch, Topics Stereochem., 1968, 3, 97. 
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RESULTS AND DISCUSSION 
Preparation of the Keys.-The primary alkylammonium 
thiocyanates listed in Table 1 were prepared by dis-
proportionation of the corresponding chlorides with 
J.C.S. Perkin I 
Synthesis of the Locks.-We have utilised L-tartaric acid 
and D-mannitOl separately as starting materials in two 







(R)-PhCHMeNH 3 'SCN 
(S)-PhCHMeNHSCN 
(RS) -PhCHMeNH,'SCN 
0 Light petroleum (b.p. 60-80 °C) 
Primary alkylammonium thiocyanates 
Required (%) Found. (%) 
Recryst. 
solvent(s) 	M.P. (°C) C 	H 	N S C H 	N S 
EtOH-Et 10 67-68 26.7 	6.7 	31.1 35.6 26.6 6.6 	30.9 35.6 
EtOAcLP0 	122-123 45.4 	9.2 	21.2 24.3 45.3 9.3 	21.3 24.2 
EtOAc 	 97 57.8 	6.1 	16.9 19.3 58.0 6.2 	17.2 19.0 
(Oil) 
65_666 
50-53 60.0 	6.7 	15.5 17.8 59.8 6.9 	15.3 17.8 
6 'H N.m.r. spectra in CD,OD identical with that for (RS)-PhCHMeNH,SCN in CD,OD. 
sodium thiocyanate. They were used (see Table 2) in 
an 'H n.m.r. spectroscopic method 29  for measuring 
stability coristants for complexation of primary alkyl-
ammonium keys with a range of 18-crown-6 locks. 
TABLE 2 
Stability constants (Ka/1 mol') and derived free energy 
differences (AG'/kcal mol') for complexation of 
primary alkylammonium keys with selected locks 
Lock 	Key 	 K 
LL-(15) ButNH,+SCN 2.0 )c 10 	5.8 
LL-(17) 	ButNl-1 3 +SCN- 	1.7 x 102 3.0 
LL-(18) ButNH,+SCN 4.6 x 10' 	5.0 
DD-(28) ButNH,fSCN 	 <30 <2.0 
PhCH,NH,SCN- 	2.1 x 10' 	7.3 
DD-(32) ButNH,+SCN' <30 <2.0 
(34) b 	ButNH 3 +SCN' 	7.5 x 10' 	8.0 
Determined at room temperature. 6  From ref. 29. 
Determined at 24 °C. 
The optically pure enantiomers and the racemic 
modification of x-phenylcthylamine (8) were converted 
into the corresponding hydrochlorides for chiral recog-
nition experiments (see Table 3) with selected chiral 
TABLE 3 
111 N.m.r. spectroscopic data for the CDC1, layer in chiral 
recognition experiments on locks LL-(15), LL-(17), 
LL-(18), DD-(28), DD-(32), and DD-(33) with keys 
(R)-(8),HPF6 , (S)-(8),HPF,, and (RS)-(8) ,HPF6 
Enantiomeric 
differentiation 
'r (f/Hz) 	(f/Hz) 	[Key]/ 	(R)-Key: 
	
Lock 	(R)-Key-[Me] (S)-Key-[Me] [Lock] (S)-Key 
LL-(15) 8.53 (6.8) 	8.56 (6.8) 	1.0 	50: 50 
LL-(18) 	8.72 (6.6) 8.75 (6.6) 1.0 40: 60 d 
DD-(28) 8.38 (7.0) 	8.33 (7.0) 	1.3 	62: 
DD-(33) 	8.36 (7.0) 8.34 (7.0) 1.4 50: 50 
Locks LL-(17) and DD-(32) exhibited insufficient splittings 
between the methyl doublets of the racenhic keys to permit 
reliable calculations of the enantionieric differentiation. 
The key to lock ratios for LL-(17) and DD-(32) were 0.9 and 
1.7 1, respectively. I 'H N.m.r. spectrum recorded at 70 °C 
in a sealed tube in order to obtain better resolution, a  Error of 
±3. 
locks. This amine was chosen because it contains large 
(L), medium (M), and small (S) ligands attached to its 
chiral centre and hence the degree of chirality associated 
with its ammonium salts is high. 
Diethyl L-tartrate was converted into its O-benzylidene 
derivative L-(9), 24 which was reduced to the diol i-(10) 
in good yield with lithium aluminium hydride. Subse- 
NH2 ' 	 NH2 
(S)HPh(L) 	(S)HMe(M) 
Me(M) 	 Ph(L) 
(RI - ( 8) 	 (SI - ( 8 ) 
quent benzylatiori of L-(10) afforded the dibenzyl ether 
L-(11) in almost quantitative yield. During acid- 
catalysed hydrolysis of the 1,3-dioxolan ring in 
to give 1,4-di-O-benzyl-L-threitol, L-(12), some 
cleavage of the benzyl ether linkages also occurred and 
hence the yield of L-(12) was low (38%). Reaction of 
with sodium hydride and the ditosylate (13) 25  in 
dimethyl suiphoxide afforded the 9-crown-3, L-(14), and 
18-crown-6, LL-(15), derivatives in 3 and 11% yields, 
respectively. Catalytic hydrogenolysis of the tetra-
benzyl ether LL-(15) gave the tetraol LL-(16), character-
ised as the crystalline tetra-acetate LL-(17) with a 
specific rotation of -20.5° in chloroform. Conversion 
of the tetraol LL-(16) into the tetratrityl ether LL-(18) was 
also carried out in order to increase the steric bulk of the 
substituent groupings attached to the four chiral centres 
in the 18-crown-6 lock. Recently, Lehn and his 
collaborators 33.34 have obtained the tetracarboxamide 
LL-(19) by thallium(i) ethoxide promoted condensation 
of the 'bis-(NN-dimethylamide) of L-tartaric acid with 
1 ,5-di-iodo-3-oxapentane in NN-dimethylformamide. 
Acid-catalysed hydrolysis of LL-(19) gave the tetra-
carboxylic acid LL-(20), which was converted into the 
tetra-acid chloride LL-(21) for condensation with several 
amino-acid methyl esters to afford a range of tetra-
carbonyl[1]cryptands of the general type LL-(22). 34  
In order to associate bulky substituents more inti-
mately with the 18-crown-6 constitution, and at the 
same time double the number of chiral centres from 
four to eight, a synthetic scheme emanating from 
D-mannitol was devised and implemented. 1,2:5,6-Di- 
33 J.-M. Girodeau, J.-M. Lehn, and J.-P. Sauvage, Angew. 	" J.-P. Behr, J.-M. Lehn, and P. Vierling, J.C.S. Chem. Comm., 
Chem. Internat. Edn., 1975, 14, 764. 	 ' 1976, 621. 
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O-isopropylidene-D-mannitol D-(23) 26 was converted* 
into its diallyl ether D-(25), 27 which was subjected to 
ozonolysis followed by reduction with borohydride 10 
Ph( I
CH0CH2Ph  
H - OH 
HO 	H 
L-(9 ) R = CO2 Et I 
L(1O) R = CHOH CHOCH2Ph 
L - (Fl ) R = CHOCH2Ph L-(12) 
('so 1.CHOCH2Ph 
IsO 	OTs 	
- 	 'CH1OCH2Ph 
(13) 	 L-(14) 
Me 
M eXO H 
RbOIhIH 
O R H11 OR 2 
H OMe 
OXMe 
ii-(15) R 	CH0.CH2Ph 
LL-16) R 	= CHOI1 
o-(23) R1 R2 = H 
IL- (17) R 	CHOAc 
-(24) R 1 CI-lCH:CH 2 , R2 : H 
LL - (18) R 	CHOCPh3 D-(25) R 1 R2 CN 2 CHCH 2 
LL-(19) R 	CO-NMe2 R1 =R2 =CH 2 CH 2 OH 
LI-(2O) R 	CO2H R1 R2 CH 2 CH 2 OTS 
IL- (21) R 	= COCI 
II- (22) R 	= CO•NHR' 
(34) R 	= 	I-I 
to give the ' half-crown ' diol D-(26). Conversion of 
D-(26) into the ' half-crown ditosylate D-(27) was 
followed by reaction of equimolar proportions of D-(26) 
and D-(27) with sodium hydride in dimethyl suiphoxide 
to afford the 18-crown-6 derivative DD-(28) in 14% 
yield. Subsequently, the tetra-O-isopropylidene deriva-
tive DD-(28) was isolated in 24% yield, together with 
some of the 9-crown-3, D-(29), and 27-crown-9, DDD-(30), 
derivatives, after chromatography on alumina of the 
products from sodium hydride promoted condensation 
of di-O-isopropylidenemaflflitOl, n-(23), with the ditosylate 
(13) in dimethyl suiphoxide. This represents a two-step 
synthesis of a chiral 18-crown-6 lock from n-mannitol. 
Acid-catalysed hydrolysis of the four blocking 0-iso-
propylidene groups in DD-(28) gave the octaol DD-(31), 
which was characterised as both its octa-acetate DD-(32) 
and its octamethyl ether DD-(33). Cleavage of the four 
vicinal glycol units in DD-(31) with periodate, followed 
by reduction with borohydride and acetylation, afforded 
* The monoallyl ether D-(24) was also formed from di-O-iso-
propylidenemannitol, n-(23), when the alkylation conditions 
employed were relatively mild. The diallyl ether D-(25) was 
obtained from n-(24) on further allylation.  
the tetra-acetate DD-(17) with a specific rotation of 
+20.2° in chloroform. Thus, the enantiornerically 
related DD- and LL-tetra-acetates (17) have been obtained 
from D-r1annitol and L-tartaric acid, respectively. This 
observation provides overwhelming evidence for the 
absence of any racemisation in the synthetic steps 
leading to either the DD- or the LL-lock. 
Complex Formation in Aprotic Solvents.—The 18-
crown-6 derivatives LL-(15), LL-(17), DD-(17), LL-(18), 
DD-(28), and DD-(32) all solubilise primary alkyl-
ammonium thiocyanates in non-polar solvents. More-
over, the formation of complexes (Ca. 1 : 1) with primary 
alkylammonium thiocyanates in CD,C1 2 is accompanied 
by significant changes in the 'H n.rn.r. spectral character-
istics of the locks as well as by the emergence of additional 
signals arising from protons in the keys. The nature of 
"(0  :xz 
Do-( 17) R =CHOAc 
(34) R = H 
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the anion is important in promoting complex formation 
involving primary alkylammonium cationic keys and 
18-crown-6 locks in non-polar solvents. Soft anions, 
such as SCN, C104 , and PF6 , favour complex form-
ation, whereas hard anions, such as OH - , Cl- , and Br- , 
mitigate against the formation of a complex. The 'H 
ii .m. r. spectroscopic observations with the tetra-0-iso-
propylidene derivative DD-(28), summarised in Figure 2, 
exemplify the general situation; The 'H n.m.r. spectrum 
Of DD-(28) in CD,C1 2  was recorded [Figure 2(a)] and then 
1764 
the solution was shaken with 1 mol. equiv. of benzyl- 
ammonium bromide. The solid was filtered off and the 
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FIGURE 2 'H N.m.r. spectra of (a) the tetra- O-isopropylidene 
derivative DD-(28) in CD,CI,, (b) the complex between lock 
DD-(28) and benzylammonium thiocyanate [key: lock 0.82 1] 
in CDCl,, and (c) the complex between lock Do-(28) and methyl-
ammonium thiocyanatc [key: lock 0.72: 1] in CD 2C1 2 
difference between the two spectra and this was taken as 
evidence that no complexation of the added salt had 
occurred. When the experiment was repeated with 
(a) -30 
(b)-40 oC  
J.C.S. Perkin I 
signals for the. benzylammonium cation [Figure 2(b)]. 
These chemical shift changes were taken as good evidence 
for complex formation in CD 2Cl 2 solution. The added 
thiocyanate did not dissolve completely and integration 
of appropriate lock and key signals gave a key: lock 
ratio of 0.82: 1. Similarly, when 1 mol. equiv. of 
methylammonium thiocyanate was added to a solution 
Of DD-(28) in CD 2Cl2 , there were significant chemical 
shift changes in the 'H n.m.r. spectrum of the lock 
together with the appearance of a broad singlet at 
r 2.90 for the ammonium protons and a sharp singlet at 
r 7.39 for the methyl protons of the methylammonium 
cation [Figure 2(c)]. The key: lock ratio was found to 
be 0.72: 1 by integration. On cooling the CD 2C12 
solution to —60 °C, the signal for the ammonium 
protons gradually separated (see Figure 3) into two 
peaks with relative intensities 1: 2. This suggests that 
decomplexation is slow on the 'H n.rn.r. time scale at 
—60 °C, and that a situation exists where two of the 
protons attached to the nitrogen are in similar, or very 
similar, environments whereas the third proton is in a 
different environment. At least two models (see 
Figure 4) involving only oxygen atoms in the 18-crown-6 
framework would satisfy the experimental facts: (i) a 
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FIGURE 3 Temperature dependence of the 'H n.m.,. signal for 
the ammonium protons in the complex between lock DD-(28) 












1 mol. equiv. of benzylammonium thiocyanate instead FIGURE 4 (a) Three-point binding model and (h) two-point 
of the bromide, changes occurred in the appearance of 	binding model for the 1: 1 complex between lock DD-(28) 
[R = 2.2-dimethyl-1,3-dioxolanyl] and inethylammonium the lock signals together with a superimposition of thiocyanate 
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environments of H B and H0 are more similar to each 
other than to that of H& or (ii) a two-point binding 
model [Figure 4(b)] in which HB and H0 are hydrogen 
bonded to ether oxygen atoms in the lock and hence are 
located in similar environments, whereas H A is hydrogen 
bonded to the nitrogen of the thiocyanate anion. 
Cram 35 ascribes the absence of chiral recognition of 
racemic primary alkylammonium thiocyanates towards 
chiral polyether locks, which are known to discriminate 
between enantiomeric primary alkylammonium hexa-
fluorophosphates and perchlorates, to less ordered 
complexes in the case of the thiocyanates. Moreover, 
two-point binding has been observed 36  in the crystal 
structure of a complex between a inacrocyclic diamine 
and benzylammonium thiocyanate where the ammonium 
group is attached by two hydrogen bonds to an oxygen 
and nitrogen in the lock leaving the third hydrogen to 
bond with the nitrogen of the thiocyanate anion. 
Stabilify constants defined by equation (2) were 
measured by an 'H n.m.r. spectroscopic method 29 in 
CDC13  after a two-phase equilibration procedure in-
volving D20. Table 2 records stability constants and 
derived free energy differences for complexation of 
t-butylamrnonium, and in one case benzylammonium, 
thiocyanates with locks LL-(15), LL-(17), LL-(18), DD-(28), 
and DD-(32), as well as with 18-crown-6 (34). A number 
of features and trends in Table 2 merit special mention. 
(i) A factor of Ca. 4 000 in Ka for the complexation of 
t-butylammonium thiocyanate is sacrificed on tetra-
substitution of 18-crown-6 (34) to give the tetra-acetate 
LL-(17), indicating that an appreciable steric effect is 
introduced by the presence of four acetoxymethyl 
groups. (ii) The very low value of Ka for the complex-
ation of the octa-acetate DD-(32) with t-butylammonium 
thiocyanate shows an even greater steric effect when the 
bulk of the side chains is increased such that they 
contain two 0-acetyl groups each. (iii) A factor of 
only Ca. 40 in Ka for complexation of t-butylammonium 
thiocyanate is conceded on tetrasubstitution of 18- 
crown-6 (34) to give the tetrabenzyl ether LL-(15), 
indicating that the expected steric effect is probably 
largely offset by secondary attractive interactions 
between the hydrophobic benzyl groups in the lock and 
the hydrophobic t-butyl group in the key. (iv) The 
very similar values of Ka for the complexation of the 
tetrabenzyl ether LL-(15) and the tetratrityl ether 
LL-(18) by t-butylammoniurn thiocyanate support this 
suggestion that secondary attractive interactions can 
almost outweigh steric effects. (v) In common with the 
octa-acetate DD-(32), the tetra-O-isopropylidene deriva- 
tive DD-(28) has an extremely low value of K for 
t-butylammonium thiocyanate indicating that the bulky 
2,2-dimethyl-1 ,3-dioxolanyl groups attached to 18- 
crown-6 (34) give the lock the potential to he sterically 
selective towards an appropriate range of keys. This is 
" D. J. Cram, personal communication, May 1976. 
" L. C. Hodgkinson, S. J. Leigh, and I. 0. Sutherland, J.C.S 
Chem. Comm.. 1976, 639. 
37  J. E. Anderson, Tetrahedron Letters, 1965, 4713. 
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FIGURE 5 Observed (full line) and computed (broken line) 'H 
n.m.r. spectral doublets for the methyl groups of the enantio-
Ineric keys in the equilibrated complexes DD-(28)—(R)—(8),HpF 1 
and DD-(28)—(S)--(8),HPF, 
was used to identify the diastereoisomeric complexes 
and obtain their relative proportions at equilibrium in 
the CDCI3  layer after partitioning (RS)-a-phenylethyl_ 
ammonium hexafluorophosphate [(RS)- (8), HPF6] be-
tween D,O and CDC1 3  in the presence of the chiral locks. 
Although diastereoisomeric complex formation is 
accompanied by significant changes in the 'H n.m.r. 
spectra of the locks, it manifests itself most noticeably 
in anisochrorious signals with small chemical shift 
differences arising from protons in the previously 
enantiomeric keys. The fact that no duplication of the 
signals for the locks is observed is a consequence of the 
fast exchange on the 'H n.m.r. time-scale between the 
lock and the key at room temperature, which has already 
been discussed. In the case of the locks LL-(15), LL-(18), 
DD-(28), and DD-(33), two doublets were observed for the 
methyl group protons of the keys in the diastereoisorneric 
complexes formed between the locks and the racemic 
keys. Locks LL-(17) and DD-(32) exhibited insufficient 
separations between the methyl doublets of the racemic 
keys to permit reliable estimates of the enantiorneric 
confirmed apparently by the dramatic increase in K5 by 
a factor of Ca. 105  for complexation by lock DD-(28) of a 
much less sterically demanding key salt, benzyl-
axnmonium thiocyanate. However, it must be recog-
nised that the strong complex formed between lock 
DD-(28) and benzylammonium thiocyanate may owe 
some of its origin to attractive it-lone pair interactions 37 
involving the phenyl ring in the key and the oxygen 
atoms in the 2,2-dimethyl-1,3-dioxolanyl groups of the 
lock. 
Chiral Recognition in Arotic Solvents.—All the DD 
and LL locks have D2  symmetry and consequently their 
two faces are homotopic. This means that complexation 
of achiral or optically pure chiral keys to either face 
affords identical complexes. However, complexation of 
enantiomeric keys to either face results in diastereo-
isomeric complexes. An n.m.r. spectroscopic method 30,31 
(I I 	I 
I 	 I 





differentiation. Molar ratios of keys to locks were 
obtained directlyfrom integration of appropriate key 
and lock signals. Key to lock ratios in excess of 1.0: 1 
indicate the presence of some 2: 1 complex formation 
which could arise through hydrogen bonding of a second 
J.C.S. Perkin I 
n.m.r. spectrum (see Figures 6 and 7). The spectrum 
of the pure - lock contained the expected eight resonances 
for the heterotopic carbon atoms and these could be 
assigned (see Table 4) partially after examination of the 
off-centre double resonance spectrum. As well as the 
ppm. from Me 4 Si 
FIGURE 6 Broad-band decoupled 'C n.m.r. spectrum of the equilibrated complexes 	
-(28)-(R)-(8),HPF 6 and 	-(28)--(S)--(8).- 
HPF, in CDCl: L indicates lock and K indicates key signals. Key signals are assigned from low field to high as (a) substituted 
carbons in the (R) and (S) phenyl rings. (b) me/a- and para-carbons in the phenyl rings. 
(c) or/ho-carbons in the (S) and (R) 
phenyl rings, (d) (R) and (S) methine carbons, and (e) (R) and (S) methyl carbons 
key, partially at least, to oxygen atoms in the side 
chains on the opposite face of the lock to that involved 
in 1 : 1 complex formation. Such a situation would 
correspond with a somewhat less ordered complex and 
consequently a possible diminution in the chiral recog-
nition potential of the lock. The enantioineric differenti-
ations were deduced by (i) direct integration of the 
doublets for the methyl groups of the racemic keys and 
(ii) simulation of the experimental spectrum for the 
methyl groups of the racemic keys with a calculated 
spectrum. Method (ii) was generally considered to be 
more reliable than method (i) because of the overlapping 
nature of the doublets and consequent lack of base-line 
separations between peaks. For example, the (R) : (S) 
ratio for the tetra-O-isopropylidene derivative DD-(28) 
obtained by method (i) was 58 :42, whereas the best 
match (see Figure 5) was obtained between experimental 
and calculated spectra when the (R) : (S) ratio was made 
equal to 62 : 38. The results i for this and the other 
locks are summarised in Table 3. 
The enantiomeric differentiation of 62 : 38 exhibited 
by the tetra-O-isopropylidene derivative DD-(28) towards 
(RS)-(8),HPF6  in favour of the (R)-isomer was con-
firmed quantitatively in the broad-band decoupled 13C  
eight peaks associated with the lock, the broad-band 
decoupled 1 C n.m.r. spectra of the diastereoisomeric 
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FIGURE 7 Partial broad-band decoupled 13C n.m.r. spectrum of 
the equilibrated complexes -(28)-(R)-(8),HPF 6 and DD-(28)- 
(S)-(8),HPF 6 in CDCI 3 showing (a) the key quaternary aromatic 
resonances and (b) the key methyl carbon resonances 
(8),HPF6  each showed six additional peaks for the 
heterotopic carbon atoms in the previously enantiomeric 










one of the tertiary aromatic carbon atoms associated 
with the diastereoisomeric complexes showed chemical 
shift non-equivalence (see Table 4 and Figure 6). Direct 
integration of the pairs of anisochronous quaternary 
dioxolanyl group in the DD-(28)-(S)-(8),HPF 3 complex. 
Thus, one is led to the prediction that the DD-(28)-
(R)-(8),HPF6 complex will be the more stable, in accord 
with observation. 
TABLE 4 
Broad-band decoupled 13C n.mr. chemical shifts of the lock DD-(28), the DD-(28)-(R)-(8),HPF 6 complex, the 
DD-(28)-(S)-(8),HPF 6 complex, and the equilibrated DD-(28)-(RS)-(8),HPF 6 complex ° in CDCI3 
Chemical shifts (ppm. from Me 4Si) 
Complex Complex Complex 
Lock DD-(28)- DD-(28)-- DD-(28)- 
Carbons DD-(28) (R)-(8) ,HPF6 (S)-(8), HPF, (RS)-(8) ,HPF 
Quaternary 108.6 109.4 109.3 109.3 
Methine 80.3 80.3 80.4 80.1 
75.7 74.1 74.3 74.1 
Lock Methylene 
C 
71.9 71.0 70.9 70.9 
707 69.6 69.5 69.5 
66.7 67.5 67.4 67.4 
Methyl 26.8 26.8 26.8 26.8 
25.6 25.5 25.5 25.5 
Quaternary aromatic 137.7 137.7 
137.2 136.9 
Tertiary aromatic 129.5 129.7 129.5 
129.5 129.4 129.3 
Key4 127.3 127.3 
127.0 128.9 
Methine 52.1 51.9 
51.7 51.6 
Methyl 21.0 21.3 
20.3 20.2 
In the equilibrated complex, the (R) : (S) ratio was 62: 38. 
aromatic and methyl carbon resonances (see Figure 7) 
gave (R) (S) ratios of 64 36 and 60: 40, respectively, 
for the equilibrated diastereoisomeric complexes. This 
result is in satisfying agreement with the computed 
value of 62 : 38 for the (R) : (S) ratio obtained by 'H 
n.rn.r. spectroscopy. 
The results in Table 3 suggest that chiral recognition 
is observed when the substituent groups on the 18-
crown-6 framework are bulky and somewhat lacking in 
flexibility. The absence of any chiral recognition by 
the tetrabenzyl ether LL-(15) and the octamethyl ether 
DD-(33) may be due to a combination of (i) a decrease in 
the bulk of the substituents as compared with the 
tetra-O-isopropylidene derivative DD-(28) and (ii) an 
increase in the flexibility of the substituents as a result 
of increased torsional freedom. In the case of the 
tetratrityl ether LL-(18), the complex LL-(18)-(S)-
(8),HPF6 is Ca. 240 cal mol' more stable than the 
complex LL-(18)-(R)-(8),HPF 6. In the case of the 
tetra-O-isopropylidene derivative DD-(28), the complex 
DD-(28)-(R)-(8),HPF 6 is Ca. 300 cal mol' more stable 
than the complex DD-(28)-(S)-(8),HPF 6 . Although these 
free energy differences are small they are in accord with 
expectation arising out of examination of CPK space-
filling molecular models. Assuming a three-point bind-
ing model for the 1 : 1 diastereoisomeric complexes 
(Figure 8) formed between lock DD-(28) and key (R)-
(8),HPF6 , and lock DD-(28) and key (S)-(8),HPF 61  and 
selecting the Newman projection which places the 
phenyl group over the region of the 18-crown-6 cycle 
free of substituent groups, the methyl group in the key is 
seen to interact more severely with a 2,2-dimethyl-1,3- 
CPK space-filling molecuiar models indicate that the 
lock DD-(28) with its eight chiral centres is topologically 











FIGURE 8 The diastereoisomeric complexes 
Figure 9), which has been investigated in considerable 
detail by Cram and his associates. " 13' 3° Thus, it is 
hardly surprising that the two locks are on a par regard-
ing their chiral recognition towards (RS)-a-phenylethyl-
ammonium hexafluorophosphate. We anticipate that 
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observations establish convincingly that the octaol 
DD-(31) forms complexes with primary alkylammonium 
thiocyanates in CD 30D. 1H N.m.r. spectroscopic 
evidence was also obtained for complex formation by 
the tetraol LL-(16) in CD,OD. 
Figure 11 summarises the 1H n.m.r. spectroscopic 
evidence for complex formation by the octaol DD-(31) 
in D,O with racen-iic a-phenylethylammonium thio-
cyanate (RS)-(8),HSCN. The octaol DD-(31) was dis-
solved in D,O and the 1 H n.m.r. spectrum [Figure 11(a)] 
was recorded. When (RS)-(8),HSCN (1.0 mol. equiv.) 
was added to the D 20 solution, the 'H n.m.r. spectrum 
of the lock exhibited [Figure 11(b)] chemical shift 
Li 
(a) 
2.5 5.5 -- 	6.5 8.0 
-r 
FIGURE 11 Partial '1-1 n.m.r. spectra of (a) the octaol n-(31) 
and (b) its 1: 1 complex with (RS)-a-phenylethylammonium 
thiocyanate in D 60 
changes although on this occasion the signals for the non-
equivalent methyl groups of the keys in the diastereo-
isomeric complexes were isochronous. 
Chiral Recognition in Pro/ic Solvents.—The ability of 
locks LL-(16) and DD-(31) to form complexes with 
primary alkylammonium salts in aqueous and methanolic 
solution is encouraging from the point of view of design-
ing (cf. ref. 34) locks to (i) exhibit chiral recognition in 
protic solvents and (ii) perform catalysis when appro-
priate catalytic sites are associated with the lock in 
relation to a particular key. Although the potential of 
locks LL-(16) and DD-(31) to act as enzyme analogues in 
protic solvents has still to be investigated, an equili-
bration procedure has been devised to assess the chiral 
recognition properties of the octaol DD-(31) towards 
raceinic c-phenylethylammonium perchlorate (RS)-
(8),HC1O4 in D,O. A solution of DD-(31), (RS)-(8),HC10 4 
(2.0 mol. equiv.), and lithium perchiorate (2.0 mol. 
equiv.) in D 20 was shaken with a solution of 18-crown-6 
(34) (1.0 mol. equiv.) in CDC1 3. The two layers were 
separated and the 'H n.m.r. spectrum of the CDCI 3 layer 
was recorded. The CDC13 layer was found to contain 
(RS)-(8),DC10 4 and 18-crown-6 (34) in the molar ratio 
1 : 1. The D,O layer was concentrated and the residue 
was dissolved in CD30D. The 'H n.m.r. spectrum of 
the CD3OD solution showed the presence of diastereo-
isomeric complexes. Although the methyl doublet for 
the enantiomeric key cations were anisochronous as 
demonstrated previously, the two doublets were of 
equal intensity indicating that the octaol DD-(31) does 
not exhibit chiral recognition towards (RS)-(8),HC10 4 
under these equilibration conditions. This result is not 
unexpected in view of the fact that neither the octa-
acetate DD-(32) nor the octamethyl ether DD-(33) 
exhibited chiral recognition towards (RS)-(8) , HPF 6 in 
CDC13 under equilibration conditions. 
Complex Formation with Me/al Cations.—The tetra-
O-isopropylidene derivative DD-(28) was shown to 
complex alkali metal cations through its ability to effect 
dissolution of alkali metal or/ho-nitrophenolates in 
chloroform. The stability constants defined by equation 
(1) for the formation of 1: 1 complexes between crown 
DD-(28) and sodium, potassium, and rubidium chlorides 
in methanolic solution were measured potentiometric-
ally 8,28  with ion-selective electrodes. The results are 
compared in Table 5 with these obtained by Frensdorff 28 
TABLE 5 
Stability constants for 1: 1 ligand-cation complexes 
based on K' in 1 molt 
log K' 
Ligand 	Na 	K 	 Rb 	Cs 
DD-(28) 3.6 k 45 4.7 
(34) 	4.34 b,c 	 6.10 	5.35 11,1 	4.70 
4.32 d., 	 6.1O'. 
Values obtained at room temperature unless otherwise 
stated for the chlorides. 6  Error of ±0.1. 1 Values from ref. 
8. a Values from ref. 28 obtained at 25 °C. • Error of 
± 0.04. 
for 18-crown-6 (34). The stability constants for crown 
DD-(28) are not as high as the corresponding values for 
18-crown-6 (34). However, it is interesting that crown 
DD-(28) forms a slightly stronger complex with rubidium 
than with potassium ions, in contrast with the selectivity 
shown for potassium ions by 18--crown-6 (34). This may 
result from some additional stabilisation of the larger 
cation by the oxygen-containing 2,2-dimethyl- 1 ,3-dioxo-
lanyl substituents on the crown D1)-(28). 
We thank Mr. R. M. King for technical assistance and 
Dr. B. F. Taylor for recording the 13C n.m.r. spectra. 
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Complexation of Primary Alkylammonium Salts 
and Secondary Dialkylammoniuni Salts by 
N,N-Dimethyl- I ,7-diaza-4, I 0-dioxacyclododecane 
Sir: 
Since the discovery by Pedersen' that dibenzo-18-crown-6 
forms complexes with ammonium and primary alkylammo-
nium cations, as well as with metal ions, the design of highly 
structured molecular complexes has attracted the attention 
of several groups of investigators. 26 Recently, our own in-
terests have been directed toward the search for a ligand which 
will form strong complexes with secondary dialkylammonium 
cations. Examination of Corey- Pauli ng-Koltun (CPK) mo-
lecular models led us to the belief that I 2-crown-4 (1)7  should 
bind secondary dialkylammonium cations through participa-
tion of their two acidic hydrogens on nitrogen in hydrogen 
bonding with a pair of diametrically opposed oxygens in 1 
leaving the other two oxygens of I to act efficiently in the 
stabilization of the positive charge on nitrogen. Thus, the 
two-point binding model we propose for the cationic complex 




We have tested our hypothesis employing the N,N-di-
methyldiaza- I 2-crown-4 (3)8  as the complexing ligand because 
(i) it is easily obtainable in reasonable yield (6196) from the 
known9 macrocyclic diamine (4) on, treatment (100 °C, 16 
h) with HCHO-1-ICO 2 H; 10 (ii) it contains suitable probes for 
rapid I  IN MR spectroscopic investigation; and (iii) nitrogen 
containing crowns of large ring size are known.' I  to form 
strong complexes with primary alkylammonium cations. We 
now report that 3 does indeed complex in organic solvents with 
secondary dialkylanirnonium perchiorates and thiocyanates 8 
derived from Me 2NH (5), (4e 2CH) 2 NH (6), (PhCH,) 2NH 
(7), and piperidine (8). Moreover, the primary alkylammo-
nium perchiorates and thiocyanatcs 8 derived from MeN H 2 (9), 
MeCI-1 2 NH 2 (10), Me 2CHNI-1, (11), Me 3 CNH 2 (12), 
PhCH 2NH 2 (13), and (S)-PhCHMeNH 2 ((S)-14) are also 
complexed by 3 in organic solvents. 
Formation of 1:1 complexes with the amine salts 5-(S)-
14•HCI04 and 5-(S)-14HSCN in CD 2Cl 2 was accompanied 
by significant chemical shift changes' 2 in - the 'H NMR spec-
trum of 3 which exhibits a singlet at ô 2.42 for the N Me protons 
and triplets at 2.54 and 3.53 for the NCH 2 and OCH 2 protons, 
respectively. We have examined (Table I) the temperature  
dependences of the I  H N MR spectra of all of these 1:1 com-
plexes 12 as well as the "2:1 complexes" 13  formed between 3 
and the amine salts 7.1-100 4 , 7.HSCN, 12.1-I00 4 , (S)-14. 
HCI04, and (S)-14.HSCN. The kinetic and thermodynamic 
data obtained from these two sets of experiments have been 
interpreted in terms of two exchange processes: (i) the ex-
change of cations between opposite faces of 3 (examination of 
CPK space-filling molecular models indicates that such an 
exchange process must involve ring inversion of 3 as well as 
inversion at both nitrogens; 14 complete or partial dissociation 
of the complex must also occur; this exchange process is 
measured by the temperature-dependent 'H NMR spectra for 
1:1 complexes (see Table 1) leading to AG*, values which we 
equate with ffec energies of activation (tG*d+rflj) for a 
face-to-face equilibration involving both dissociative and 
conformational inversion components): (ii) the exchange of 
cations with a single face of 3 in a process which must involve 
complete or partial dissociation of the complex (this exchange 
process may be measured by the temperature-dependent 'H 
NMR spectra for "2:1 complexes" 13  leading to AG *, values 
which we equate with free energies of activation (Gd) for 
dissociation of complexes). 
The temperature-dependent 'H NMR spectra of the 1:1 
complexes formed between 3 and the RIR2Nll 2+X salts 
5-8.HX are consistent with complexes having C2 symmetry 
as represented by the general structure 15. At low tempera-
tures, the signal (A 2 ) for the NCH, protons in all of these 
complexes separates into two signals (AB) of equal intensity 
reflecting the diastereotopic nature of the protons in the 
face-to-face complex 15. The fact that the OCH 2 protons re- 
R1 	R2 % 
• 
Me 	 H 
/Me 
H  
H 	 K HB HB 
C2 , symmetry 
15 
main isochronous despite their diastercotopicity suggests that 
the hydrogen bonding in the complexes involves the nitrogens 
of 3 leaving the more electronegative oxygens free to partici-
pate in electrostatic stabilization of the charge on nitrogen in 
the cation. The two NMe groups are homotopic in 15 and so, 
not surprisingly, resonate as a singlet at low temperatures. 
However, the singlet for the NMe protons separates into two 
equal intensity singlets at low temperatures in the "2:1 com-
plexes" involving 3 and 7.HX reflecting equimolar proportions 
of complexed and uncomplexed 3. 
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Table I. Temperature-Dependent 'H NMR Spectral Data and Kinetic and Thermodynamic Parameters for the Complcxation of Secondary 
Dialkylammonium Salts and Primary Alkylammonium Salts with 3 










v (°C) ±2 
Hz k, st 
±0.3 
kcal/mol Process 
5.HCI04 Mc Me 1:1 NCH2 AB-A2 -20 29(-26) 64 12.6 d+rni 
5.HSCN Me Me 1:1 NCH2 AB-A2 -50 30(-60) 67 11.0 d+rni 
6.HCI04 CHMe2 CHMe2 1:1 NCH2 AB - A 2 -60 21 (-68) 47 10.7 d + mi 
6.HSCN CHMe2 CHMe2 1:1 NCH2 AB-A2 -82 44(-90) 98 9.3 d+rni 
7.HCI04 CH2Ph CH2Ph 1:1 NCH2 AB - A2 -44 33 (-60) 73 11.2 d + mi 
2:1 NMe AB - A2 -84 124(-90) 276 8.7 d 
7.HSCN CH2Ph CH 2Ph 1:1 NCH2 AB-"A2 -55 33(-70) 73 10.8 d+rni 
2:1 NMe AB - A2 -90 124(-100) 276 8.4 d 
8.HCI04 -(CH2)5- 1:1 NC-I2 AB - A2 -6 29(-12) 64 13.3 d+ mi 
2 X C142C AB -. A2 -54 93 (-70) 207 10.4 mi' 
8.HSCN -(CH2)5- 1:1 NCH2 AB-'-A2 -48 45(-60) 100 11.0 d+mni 
2 X CH 2 C AB - A 2 -63 95 (-80) 211 10.0 Ti' 
9.1-1004 Me H 1:1 NCH2 AB -. A2 -64 44(-70) 98 10.2 d + mi 
9.HSCN' Me H 1:1 NCH2 AB-A2 -50 38(-60) 84 11.0 d+mni 
10.HCI04 CH2Me H 1:1 NCH2 AB - A2 -20 48 (-30) 107 12.4 d + mi 
10.HSCN CH2Me H 1:1 NCH2 AB - A2 '-12 50(-24) 111 12.8 d ± mi 
11-HCI04 CHMe2 H 1:1 NCH2CH20 ABCDI1 A22 
0d 50(-10) 111 13.4 d ± mi 
ABCD2I 12 15(-40) 33 13.4 d+ mi 
11.14SCN" CHMe2 H 1:1 NCH2CH2O ABCD -. A2C2 _17e 60(-30) 135 12.4 d+ mi 
_28 16(-50) 36 12.5 d + mi 
12.HCI04" CMe3 H 1:1 NCH2CH20 ABCD - A2C2 -101 48(-20) 107 12.7 d + mi 
-21 1 20(-30) 44 12.8 d + mi 
2:1 NCH2 AB - A2 -64 52(-80) 116 10.1 d 
12.HSCN" CMe3 H 1:1 NCH2CH20 ABCD 	A2C2 -35 9 38 (-45) 84 11.7 d+ mi 
-389 32(-60) 70 11.6 d + rid 
13•HCI04 1' CH2Ph H 1:1 NC142 AB - A2 -30 64 (-50) 142 11.7 d+ mi 
13.HSCN! CH2Ph H 1:1 NCH2CH20 ABCD-'A2C2 0" 46(-10) 102 13.4 d+mni 
8" 19(-20) 42 13.5 d+rni 
(S)-14.HCI04 1' (S)-CHMePh H 1:1 NCH2CH20 ABCDIt - A2 C2 
46(-6) 102 13.4 d + mi 
ABCD2J 	2 -8 -31(-12) 69 13.2 d+ mi 
-10' 18(-40) 40 13.4 d+ mi 
2:1 NMe AB - A2 -52 124(-90) 276 10.3 d 
(S).14.1'ISCN 1' (S)-CHMePh H 1:1 NCH2CH20 ABCDI1 	Ac 
-51 48(-10) 107 13.1 d+rni 
ABCD2J 2 2 -10J 25(-20) 56 13.2 d + mi 
-13] 17(-40) 38 13.2 d + mi 
2:1 NMe AB - A2 -47 110(-80) 244 10.2 d 
a All spectra were recorded in CD 2Cl 2 at 220 MHz on a Perkin-Elmer R34 spectrometer with Me4Si as "lock" and internal standard. Ab-
breviations used are CS, molar ratio of crown to salt; T. coalescence temperatures; ii', frequency separation for the appropriate 1 H NMR 
probe with the temperature at which it was measured indicated in parenthesis; k, exchange rate constant at T calculated from the expression, 
= rv/2 1 / 2 (G. Binsch, Top. Stereochern., 3, 97 (1968); 1. 0. Sutherland, .4nnu. Rep. NMR Spectrosc., 4, 71(1971)): free energy 
of activation at T calculated from the Eyring equation; d, dissociation of the complex; mi, ring and nitrogen inversion of 3; rI', ring inversion 
of the piperidyl ring in the complexes 3-8.HCI0 4 and 3-8.l-ISCN. b  Kindly supplied by Mr. D. A. Laidler. c  The C-3 and C-S methylene protons 
separate into two signals at low temperatures. d  At Tc 0°C, AB - A2 for the NC-I2 protons: at T -12 °C, A1A2 -- A for the NCH, protons. 
eAt T -17 °C, AB - A2 for the NCH, protons; at T -28 °C, CD - C 2 for the OCH 2 protons. 1 At T. -10 °C, AB - A2 for the NCH, 
protons; at T -21 °C, CD - C2 for the OCH2 protons. g At T -35 °C, AB - A2 for the NCH 2 protons: at T -38 °C, CD - C2 for the 
OCH2 protons. h  At Tc 0°C, AB -° A2 for the NCH2 protons; at T -8 °C, CD -. C 2 for the OCH 2 protons. i At T -I °C, AB - A, for 
the NCH2 protons; at T -8 °C, CD- C2 for the OCH 2 protons; at T,. -10 °C, A] A2 - A for the NCH2 protons.) At T -5 °C, AB -A2 
for the NC-I 2 protons; at T -10 ° C, CD-C 2 for the OCH 2 protons; at T -13 °C, AIA2 - A for the NCH2 protons. 
The temperature-dependent 'H NMR spectra of the 1:1 
complexes formed between 3 and the R'NH3X 9-13•HX 
are consistent with complexes having C symmetry as repre-
sented by the general structure 16. In particular, the signal 
(A2C2) for the NCH2CH2O protons of 3-1 1.HCI04 separates 
into two ABCD systems (I and 2) at low temperatures. This 
feature also characterizes the signal for the NCH2CH2O 
protons in the asymmetric complexes 3-14•HX at low tem-
peratures even although the diastereotopic N Me groups remain 
isochronous. 15  As a result, the separation of the NMe proton 
singlet into two equal intensity singlets at low temperatures 
in the "2:1 complexes" involving 3 and (S)-14HX may be 
interpreted in terms of equimolar proportions of complexed' 
and uncomplexed 3. 
The results in Table I may be summarized as follows. (i) The 
barrier heights (G*d+r,j) for dissociation plus inversion  
processes are higher by 2.4-3.1 kcal/mol compared with those 
(G*d) for dissociation. Thus, the contribution to AG* d+rni 
from inversion processes is larger in 3 than has been observed 
previously (cf. ref 5b). If it is assumed 5",16 that the relative 
values of 1G*d+rflj can be correlated directly with relative free 
energies of complexation then (ii), for the R 1 R 2NH 2 X salts, 
the perchiorates are more stable than the thiocyanates. This 
observation probably reflects the greater stability of the salt 
ion pair when the anion is SCN and therefore can form strong 
hydrogen bonds with the cation. Consequently complex 15 will 
be destabilized in the presence of SCN - ions. (iii) For the 
RlNl1 1 +X -  salts the thiocyanates are the more stable when 
R' is Me, CH2Me, and CH,Ph, whereas the perchiorates are 
the more stable when R' is Cl-I Me2, CMe 3 , and CHMcPh. 
Clearly, complex 16 will be stabilized when the anion can hy-







R 1, Achirl - Cs symmetry 
R 1, Chiral 	C7  symmetry 
16 
likely to occur when the anion is SCN — and the "available" 
hydrogen on the positively charged nitrogen is sterically ac-
cessible and relatively more acidic (i.e., when R 1 is Me, 
CH 2 Mc, and CH 2Ph rather than when R 1 is CHMe 2, CMe3 , 
and CI-IMePh). 
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COMPLEXES OF PRIMARY ALKYLAMMONIUII SALTS AND SECONDARY 
DIALKYLNIJIONIUM SALTS Will-I DIAZAPARACYCLOPHANES 
Howard F. Beckford, Richard M. King, and J. Fraser Stoddart' 
Department of Chemistry, The University, Sheffield S3 7HF 
Roger F. Newton 
Allen and Hanburys Research Ltd., Ware, Hertfordshire SGI2ODJ 
(Received in UK 23 October 1977; accepted for publicatior: 18 November 1977) 
Since the initial report by Pedersen 1  that dibenzo-18-crown-6 complexes with ammonium and 
primary alkylarnonium cations, the design and synthesis of locks 2 which form highly structured 
2-8 molecular complexes with cationic keys 2  has been pursued by a number of groups of researcher. 
With complexes involving crown compounds and primary alkylamonium cations, the primary binding 
site usually involves hydrogen bonding of at least two of the three acidic hydrogens on the 
positively charged nitrogen of the cation with suitably disposed heteroatoms in the crown, 
leaving some, if not all, of the other heteroatorra to participate in stabilising electrostatic-
ally the positive charge on nitrogen. 	The crown heteroatoms which have proved to be efficient 
3 in binding primary alkylarnonium cations are oxygen and nitrogen both in their sp and sp 
hybridised states. 	Examination of Corey-Paul ing-Kol tun space-filling molecular models of 
paracyclophanes, e.g. (1) or (2), has suggested to us that the ir-electron systems associated 
with their aromatic rings could participate in the binding of primary alkylarwronium cations. 
We have tested our hypothesis using the N,i'/ -dimethyldiazaparacyclophane (2) as the ligand 
because (i) nitrogen-containing crown compounds are known 6.  to form strong complexes with 
primary alkylarrinonium cations, (ii) it contains suitable probes for investigation of complex 
formation by dynamic 1 H n.rn.r. spectroscopy, and (iii) it can be synthesised from readily 
available starting materials, namely p-phenylene-,s'-diethylamine (3)9 and triethylene glycol 
bistosylate (14)•10 
	
Reaction of (3) with sodium hydroxide and ethyl chloroformate in ether- 
water gave the bisurethane (5), m.p. 135 °C, in 72% yield after recrystallisation from 
chloroform. 	Treatment of (5) with 1.1 molar equivalents of (14) in dimethylsuiphoxicie afforded 
x = 0 
X = NMe 
(6) X 	NCO 2 Et 
NHR TsO "] 
• 0 
HR 
TsO j - 
R  (.) 
(5) 	R 	CO2 Et 
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the cyclic bisurethane (6) which was obtained pure in 20 yield after vacuum distillation 
(b.p. 2200C at 0.005 mm Hg). 	Reduction of (6) with lithium aluminium hydride in ether 
provided the desired N,N-dimethyldiazaparacyclOPhafle (2) in 914 yield after vacuum distillation 
[b.p. 1750C at 0.005 mm Hg; 1 H n.m.r. (CD 2 Cl 2 ): 6 2.214 (6H, s, NCR 3), 2.38 OH, t, NCR 2 CH2O), 
2.50 - 2.80 (8H, AA'BB' system, ArCJI2CS2N), 3.214 (14H, s, OCB2 CH2O), 3.30 (14H, t, NCH CH 
and 7.09 (14H, s, c6!!14)]. 	We now report that (2) forms complexes in dichloromethane-d 2 with 
(i) primary alkylammonium perchiorates and thiocyanates 	derived from methylamine (7), 
ethylamine (8), isopropylamine (9), tert-butylamine (10), benzylamine (ii), and (S)-cz-methyl 
benzylamine (S)-(12) and (ii) secondary dialkylammDnium perchlorates and thiocyanates 	derived 
from dimethylamine (13), diisopropylamine (1 14), dibenzylamine (15), and piperidine (16). 
Formation of 1:1 complexes with the salts of the amines (7) - (16) in dichloroniethaned 2 
was accompanied by significant changes 12 in the 1 H n.m.r. spectrum of (2). Consequently, we 
have examined the temperature dependences of the 1 H n.m.r. spectra of the 1:1 complexes of (2) 
with (i) (9) - ( 16).HCIO 14 and (ii) (7)-(S)-(12).HSCN and (114) - (16).HSCN. 	In the case of the 
complexes between (2) and the primary alkylammonium salts (7).HSCN and (9) - ( 11 ).HCIO 14 , the 
singlet (A2 ) observed for the aromatic protons of (2) at +30 °C separated into two equal 
intensity singlets (AB) at low temperatures. This temperature dependence of the signal for the 
aromatic protons was not evident in the case of the free ligand (2). The kinetic and thermo-
dynamic data summarised in the Table for these 1:1 complexes may be interpreted in terms of 
exchange of cations between opposite faces of (2).' 	Moreover, the 1:1 complexes must be of a 
face-to-face type in which rotation of the phenylene ring through the macrocyclic ring is slow 
on the 1 H n.m.r. time scale. 	The exchange process must also involve complete or partial 
dissociation of the complexes in order that inversion of the macrocyclic ring, as well as 
inversion at both nitrogens, can occur. 	The AG4 values in the Table can be equated with the 
free energies of activation (8G,) for a face-to-face equilibration with both dissociative 
1 and conformational inversion components. 	The H n.m.r. spectroscopic data is consistent with 
the achiral complexes having C8  symmetry as represented by the general structure (17) where 
the phenylene ring is portrayed as occupying a plane perpendicular to that of the mean plane 
of the macrocyc)ic ring. The signals for the benzylic-methylene, N-methylene, and O-methylene 
protons also exhibit temperature dependence, although in nearly all cases this is difficult to 
interpret because of the overlapping and 
	
R 	 broad nature of the signals. 13 	The protons 
/// 	 in the two enantiotopic N-methyl groups 
/ .-.... resonate as one singlet at low temperatures 
// 	"> 	
in all the achiral complexes (17). However, 
/ NH.. / 
the singlet for the N-methyl protons 3 
I 	 separates into two equal intensity singlets 
at low temperatures in the '2:1 complexes' of 
(2) with (7).HC1O 14 , (10).HC1O 14 , and 
(11).HC1O 14 . This reflects the equilibrium 
117) R, Achiral - c8 symmetry 	 proportions of complexed and uncomplexed (2) 
10 
and arises from exchange of the cations with 
R, Chiral - C1 symmetry 	- 







	Temperature dependent 1 H n.m.r. spectral data and kinetic and thermodynamic 
parameters for the complexation of primary alkylammonium salts with (2)2 
RNH 3 X 	R 	Molar 	N.m.r. T °C-3 	v(temp, °C) k,sec 	AG 	 Process 
ratio b 
L:K 	
probes 	 211z ±O3kcal mol 1 
(.7).Hc10 
" 
Me 2:1 NCH 
 
-56 9( - 70) 20 11.3 d 
(7).HScN Me 1:1 C6!!4 -30 31(-55) 69 12.1 d + r'ni 
(9).HC10 4° CHMe 2 1:1 C6!! 4 -50 18(-70) 40 11.3 d + ml 
(lO).HClo4d CMe 3 1:1 C6!!4 -65 3 14(-80) 75 10.2 d + rni 
2:1 NCH 
 
-90 14(-95) 31 9.3 ci 
(11) .Hclo4d  CH2 Ph 1:1 C6!!4 -50 ll(-65) 211 11.5 ci + mi 
NCR 2 -25 101(55) 224 11.7 d + ml 
2:1 NCH 
 
110 77(90) 171 10.7 d 
(11).HscNd CH2Ph 1:1 C6 !!4 -50 31(-60) 69 11.0 d + mi 
NCH  -30 1 25(50) 278 11.4 d + mj 
(12) . HSCNd CHMePhe 1:1 NCH  -70 57( - 100) 127 10.7 d + ml 
aAll spectra were recorded in CD 2 Cl 2 at 220 MHz on a Perkin Elmer R34 spectrometer with Me 4Si 
as 'lock' and internal standard. Abbreviations used are: L:K, molar ratio of lock to key; 
2', coalescence temperature; Av, frequency separation for the appropriate 1 H n.m.r. probe with 
the temperature at which it was measured in parenthesis; k, exchange rate constant at T 
calculated from the expression, k = i1vi2 (1.0. Sutherland, Ann. Reports N.M.R. Spectroscopy, 
11, 71 (1971);G4 , free energy of activation at T calculated from the Eyring equation; ci, 
dissociation of the complex; ml, ring and nitrogen inversion of (2). 
bin all cases, exchange of protons between two equally populated sites, A and 8, with little or 
no mutual coupling is observed. If the sites that represent two time-averaged signals are 
designated AS, the spectral changes can all be described as AB -* A2 . 
CKindly supplied by Miss J.C. Metcalfe. 
dKifldly supplied by Mr. D.A. Laidler. 
eThe (S)-enantiomer. 
involving dissociation of the complex. Thus, the exchange process measured by the temperature 
dependence of the 1 H n.m.r. spectra of the '2:1 complexes' gives AG 4 values (see Table) which 
we can equate with free energies of activation (G) for dissociation of the complexes. The 
temperature dependent 1 H n.m.r. spectra of (2) - (S)-(12).HCIO 4 and (2)-(S)-(12).HSCN are 
consistent with chiral asymmetric complexes represented by the general structure (18). Although 
the line-shape behaviour of the aromatic protons is complex 14, the diastereotopic N-methyl 
groups of, for example, (2)-(S)-(12).HSCN become anisochronous at low temperatures and hence 
their protons provide (see Table) a suitable probe from which quantitative information can be 
obtained. 
In both (17) and (18), there appears to be a stabilising interaction between the 
174 	 No. 2 
m-electron system of the phenylene ring and the primary alkylamorium cation 15 which accounts 
for the hindered rotation of the phenylene rings in the complex. Interestingly when one of the 
ammonium hydrogens is replaced by an alkyl group to give a secondary dialkylammonium cation, 
as in complexes (2) - (13).HX to (2) - (16).Hx (x = CIO  or SCN), this interaction seems to be 
impaired at least to the extent that rotation of the phenylene ring is once again ft on the. 
n.m.r. time scale. 
References and Footnotes 
(a) C.J. Pedersen, J. Artier. diem. Soc., 8, 2495, 7017 (1967); (b) C.J. Pedersen arid H.K. 
Frensdorff, Angew. Chem. mt. Ed. Er.gl., 11, 16 (1972). 
For a discussion of our lock and key nomenclature, see W.D. Curtis, D.A. Laidler, J.F. 
Stoddart, and G.H. Jones, J.C.S. Perkin 1, 1756 (1977). 
J.C. Metcalfe, J.F. Stoddart, and G. Jones, J. Amer. Chem. Soc., in press. 
D.A. Laidler and J.F. Stoddart, J.C.S. Chem. Comm., 481 (1977). 
(a) E.P. Kyba, M.G. Siegel, L.R. Sousa, G.D.Y. Sogah, and D.J. Cram, J. Amer. Chem. Soc., 
95, 2691 (1973); (b) D.J. Cram and J.M. Cram, Science, .13. 803 (1974); (c) D.J. Cram, 
VC. Helgeson, L.R. Sousa, J.M. Timko, M. Newcomb, P. Moreau, F. de Jong, G.W. Gokel, D.H. 
Hoffman, L.A. Domeier, S.C. Peacock, K. Madan, and L. Kaplan, Pure Appl. Chem., 143, 327 
(1975); (d) J.M. Timko, S.S. Moore, D.M. Walba, P.C. Hiberty, and D.J. Cram, J. Amer. Chem. 
Soc., 2a , 4207 (1977). 
(a) S.J. Leigh and 1.0. Sutherland, J.C.S. Cheri. Ccviii., 414 (1975); (b) L.C. Hodgkinson, 
S.J. Leigh, and 1.0. Sutherland, J.C.S. Chem. Comm., 639, 6140 (1976). 
J.-P. Behr, J.-M. Lehn, and P. Vierling, J.C.S. Chem. Comm., 621 (1976). 
(a) C.M. Deber and E.R. Blout, J. Amer.. Chem. Soc., 2 6, 7566 (19714); (b) B. .Sartman, C.M. 
Deber, and E.R. Blout, J. Amer. Chem. Soc., 9, 1028-11977). 
P. Ruggli and B. Prys, Helv. Ciim. •Acta., 28, 688 (1945). 
J. Dale and P.O. Kristiansen, Acta Chem. Scend., 26, 1471 (1972). 
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For example, complex formation with the thiocyanate salts at +30 °C resulted in the 
following downfield shifts (p.p.m.) of the signals for the aromatic protons in (2) : (7). 
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and (2), and benzylamine thiocyanate (11) .HSCN and (2), does the signal for thV-methylene 
protons separate clearly into two signals of equal intensity. The Table shows that the 
two sets of values for the fre7 energies of activation obtained using N-methylene and 
aromatic protons as different H n.m.r. probes, are in good agreement. 
In principle, an ABCD system could be observed for the aromatic protons in the asymmetric 
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Conformational Behaviour of Medium-sized Rings. Part 4,1  Hetero-
cyclic Analogues of 7,8,13,1 4-Tetrahydrobenzo[6,7]cyclonona[1 ,2,3-de]-
naphthalene and 7,8,15,1 6-Tetrahydrocyclodeca[1 ,2,3-de :6,7,8-do']di-
naphthalene 
By David J. Brickwood, W. David 011is,' and J. Fraser Stoddart. Department of Chemistry, The University, 
Sheffield S3 7HF 
The temperature dependences of the 'H n.m.r. spectra of 8H. 15H - dinaphtho[ 1 ,8 - bc : 1 '. 8 ' - gh][ 1 ,5]dioxecin (4) 
and of heterocyclic analogues (2a, b, e, and f) of 7,8.1 3.1 4-tetrahydrobenzo[6.7] cyclonona [1.2,3-de] naphthalene 
have been interpreted in terms of ring inversion between enantiomeric twist-boat conformations. The temperature 
dependences of the 'H n.m.,. spectra of the dithionins (2c and d) have been interpreted in terms of interconversions 
between chair and twist-boat conformations. A comparison of activation parameters shows that when pen-
anneiated naphthalene rings replace ortho-annelated benzene rings in' 6,8,6 systems (1). chair-like conformations 
are destablsed relative to boat-like conformations and the energy barriers to ring inversions involving pseudo-
rotational processes are considerably higher. 
THE recognition that 5,6,11, 12-tetrahydrodibenzo[a,e]-
cyclo-octene (1; W = X = Y = Z = CH, ) 2-5 and many 
heterocyclic analogues 2.3.6,7  of this ' 6,8,6 ' system (1) 
exist in diastereoisomeric conformations in solution has 
encouraged us to examine the nine- and ten-membered 
ring systems (2)-(4) in which ortho-annelated benzene 
rings of (1) are replaced partially or wholly by pen-anne-
lated naphthalene rings. Although the stereochemistry 
and transannular reactions of the seven- and eight-
membered ring systems, exemplified by the 7,12-di-
hydropleiadenes (5) and by derivatives (6) of 7H,14H-
cyclo-octa[1 ,2,3-de :5,6,7-d'e']dinaphthalene, have at-
tracted 8  attention in recent years, the conformational 
behaviour of higher-membered ring homologues such as 
(2)-(4) had not been discussed in the literature prior to 
publication of our preliminary communication 9 in 1974. 
Base-promoted condensations between 1 ,8-bisbromo-
methylnaphthalene (7) and 1,2-dihydroxybenzene (8a), 
I Part 3, W. D. Ohs and J. F. Stoddart, J.C.S. Perkin 1, 1976, 
926. 
Part 1, R. Crossley, A. P. Downing, M. Nógrádi, A. Braga 
de Oliveira, W. D. Ohs, and I. 0. Sutherland, J.C.S. Perkin I. 
1973, 205. 
W. D. 011is, J. F. Stoddart, and 1. 0. Sutherland, Tetra-
)sedron, 1974, 30, 1903. 
D. Montecalvo, M. St-Jacques, and R. Wasylishen, J. Amer. 
Client. Soc., 1973, 95, 2023. 
F. Sauriol-Lord and Al. St-Jacques, Gonad. J. Client., 1975, 
58, 3768.  
3,4-dihydroxytoluene (Sb), benzene-1,2-dithiol (8c), to-
luene-3,4-dithiol (Sd), NN'-dimethyl-o-phenylenediamine 
(8e), and NN'-ditosyl-o-phenylenediamine (81) afforded 
compounds (2a-f). Compounds (3) and (4) were obtained 
by base-promoted condensations of 1 ,8-clihydroxynaph-
thalene (9) with o-xylylene dibromide (10) and 1,8-bis-
bromomethylnaphthalene (7), respectively. In the prep-
aration of the dioxecin (4), C-alkylation also occurred, 
affording a spiro-dienone with either structure (11) or (12). 
Evidence for structure (11) was forthcoming from the 'H 
n.m.r. spectrum of the diacetate [i.e. either (13) or (14)] 
obtained on (i) borohydride reduction of the spiro.-
dienone to give a diol followed by (ii) acetylation of the 
diol. The absence of (i) vicinal coupling between H and 
Hb, and (ii) allylic coupling between H and H is ex-
cellent evidence for assigning structure (13) to the diace-
tate and hence structure (11) to the spiro-dienone. 
In this paper we discuss the results of our studies on 
• A. Saunders and J. M. Sprake, J.C.S. Perkin I, 1972, 1964; 
J.C.S. Perkin II, 1972, 1660. 
H. L. Yale, F. Sowinski. and E. R. Spitzmiller, J. Hetero-
cyclic Chem., 1972, 9, 899; H. L. Yale and E. R. Spitzmiller, ibid., 
p. 911; M. S. Paur, H. L. Yale, and A. I. Cohen, Org. Magnetic 
Resonance, 1974, 6, 106. 
W. C Agosta. J. Amer. Chem. Soc., 1967, 89, 3505, 3926; 
C. R. Johnson and D. C. Vegh, Client. Comm., 1969, 557; P. T. 
Lansbury, Accounts Chem. Res., 1969, 2. 210. 
' D. J. Brickwood, W. D. 011is, and J. F. Stoddart, Angew. 
Chem. Internal. Edn., 1974, 13, 731. 






8 0T 1 14 a 






(4) 	 (3) 
(8) a R = H, X = OH 
b3R=Me, X=OH 
R H, X SH 
R = Me, X = SH 
R = H, X NHMe 
R= H, X= NHTs 
(10) R H, X = CH2Br 
J.C.S. Perkin I 
the conformational behaviour of the nine- and ten- r (CDCl) 2.04-3.12 (10 H, m, aromatic) and 4.59 (4 H, S. 
membered ring systems (2)—(4) in solution by dynamic 2 x CH,). 
n .m.r. spectroscopy.1° 	 1 0-Mel/iyl7H. 14H-benzo[b]naphlho[l ,8-fg)[ 1, 
4]dioxonin 
!flk 	I 0 t 	 +1,.,,,hth1pnp 17 ( 	'\ dissolved '- a, J 	11 
 diméthyl suiphoxide (80 ml) was added dropwise during 
10, 	\11 I h under nitrogen to a stirred mixture of 3,4-dihydroxytol- 
hydride (1 	in dimethyl sul- uene (Sb) (3 g) and sodium 	 g) 12 
812o phoxide (20 ml). 	The mixture was stirred for 10 hand then 
8X 	X 13 poured into water (11). 	Extraction with chloroform (3 x 
I I 200 ml), followed by washing of the combined extracts with 
7Y 	Y14 water (3 x 100 ml), afforded the crude product alter re- 
moval of the solvent under diminished pressure. 	This 66  product was subjected to column chromatography on silica gel using chloroform-light petroleum (b.p. 60-80 °C) aseluant to give a crystalline compound. 	Recrystallisation 
4 	3 from chloroform-light petroleum (b.p. 60-80 °C) gave the 
a; R = H, 	x = o, v 	CH2 dioxonin (2b) (0.93 g, 21%), m.p. 120-121° [Found: 	C. 
82.5; 	H, 5.85%; 	M (mass spec.), 276.1144. 	C19H 1602 re- 
b, R = Me, 	X is 0, V =CH, quires C, 82.6; 	H, 5.85%; 	M, 276.1150], r (CDC1-CS) 
C; R = H, 	X = S, V = CH2 2.12-3.36 (9 H, m, aromatic), 4.68 and 4.72 (4 H, 2 x s, 
ci; R = Me, 	X = S, V 	CH2 2 x CH,,), and 7.74 (3H, 5, CH.). 
R = H, 	X = NMe, V = CH2 7H , 14HBenzo [b]naphIho[1,8fg][1,4]dtthiOfl1 	(2c).-1,8- 
Bisbromomethylnaphthalefle (7) (5.0 g) in dimethyl sulph- 
R = H, 	X = NTs, V = CH2 oxide (50 ml) was added dropwise during 1 h under nitrogen 
R = H, 	X = CH2, V = 0 to a stirred mixture of benzene- l,2-dithiol (8c) 12 (2.3 g) and 
sodium hydride (1 g) in dimethyl sulphoxide (50 ml). 	The 
stirred for 16 h and then noured into water 
/ \ 	 (11). The organic material was extracted with chloroform 
- '-.. 	.- (3 x 200 ml) and the extracts were washed with water 
x 	y 	 (3 x 100 ml) and dried (MgSO 4
). Removal of the solvent 
	
X 	V 	under diminished pressure gave an oil which was subjected 
,- 	-.-. 	 to column chromatography on silica gel using chloroform- 
light petroleum (b.p. 60-80°C)(l:1) aseluantto afford the 
5- 	...- 	dithionin (2c) (0.12 g, 3%), rn.p. 195-197 ° [Found: M (mass 
EXPERIMENTAL 
The general methods are described in Part 3•1 
7H, 1 4H-Benzo[b]naphtho[ 1 ,8-fg] [1 ,4]dioxonin (2a).-1,8- 
Bisbromometliylnaphthalene (7) " (1.0 g) dissolved in di-
methyl sulphoxide (20 ml) was added dropwise under nitro-
gen to a stirred mixture of 1 ,2-dihydroxvbenzene (8a) (0.35 g) 
and sodium hydride (0.35 g) in dimethyl sulphoxide (20 ml). 
The mixture was stirred for 5 h and then poured into water 
(500 ml). Extraction with chloroform (3 x 100 ml), 
followed by washing of the combined extracts with water 
(3 x 100 ml), afforded a crude product after removal of the 
solvent under diminished pressure. This product was 
purified by (a) preparative tIc. on silica gel (chloroform as 
eluant) and then by (b) sublimation at 135° (10 mmHg) to 
give the dioxonin (2a) (0.1 g, 12%), m.p. 125-127° [Found: 
M (mass spec.). 262.0994. C 1 H 14O, requires M, 262.0994], 
ie For reviews see: G. Binsch, Topics SIe,eothem., 1968, 3, 
97; I. 0. Sutherland, Ann. Reports N.M.R. Spectroscopy, 1971, 4, 
71. 
(5) 	 (6) 
ii 
1 6 
(7) V = CH2Br 
(9) V= OH 
- 	 0 
HO 
S-S 
0 	 •5 I 	I 
HO 
(11) 	 (12) 





(13) 	 (14) 
spec.), 294.0935. C 18H 1 S2 requires M, 294.0937), -r (CDCI 3) 
2.44-3.28(10H, m, aromatic) and 5.12 (4H, brs, 2 x CH.). 
10-Methyl-7H, 14H-benzo [b] na hi ho [1, 8-Ig] [1 ,4]dithionin 
" R. H. Mitchell and F. Sondheimer, Tetrahedron, 1968, 24, 
1397. 




(2d).— 1.8-Bisbromomethylnaphthalene (7) (10 g) in dimethyl 
sulphoxide (100 ml) was added dropwise during 1 h to a 
stirred mixture of toluene-3,4-dithiol (8d) (5 g) and sodium 
hydride (3 g) in dimethyl sulphoxide (40 ml) under a stream 
of dry nitrogen. The mixture was stirred for 16 h and then 
poured into water (1.5 1). The organic material was ex-
tracted with chloroform (3 x 250 ml) and the extracts were 
washed with water (3 x 150 ml) and dried (MgSO). Re-
moval of the solvent under diminished pressure gave an oil 
which was subjected to column chromatography on silica 
gel using chloroform-light petroleum (b.p. 60-80 °C) (1:1) 
as eluant to afford a crystalline compound. Recrystallis-
ation from chloroform-light petroleum (b.p. 60-80 °C) 
gave the dithionin (2d) (1.0g. 10%), m.p. 272.-274° (Found: 
C, 74.2; H, 5.35; S, 20.9%. CH 1 S2 requires C, 74.0; H, 
5.25; S, 20.8%), r (CDC1 3) 2.38-3.46 (9 H, m, aromatic), 
5.08 (4 H, br s, 2 x CH.), and 8.00 (3 H. s, CH,,). 
7,8,13,14- Tetrahydro-8 , 1 3-dimethylbenzo[b]naph€ho[1 , 8-fg]-
[1 ,4]diazonine (2e) .-1 , 8-Bisbromomethylnaphthalene (7) 
(2.8 g) in dry tetrahydrofuran (50 ml) was added dropwise 
during 2 h under a stream of dry nitrogen to a stirred mixture 
of NN'-dimethyl-o-phenylenediamine (8e) 13  (1.24 g) and 
sodium hydride (0.5 g) in dry tetrahydrofuran (50 ml). 
The mixture was stirred for 16 h and then poured into water 
(300 ml). The organic material was extracted with chloro
form (2 x 200 ml) and the extracts were dried (MgSO 4 ). 
Removal of the solvent under diminished pressure gave an 
oil which was purified by preparative t.l.c. on silica gel 
using chloroform-light petroleum (b.p. 60-80 °C) as eluant 
to afford the diazonine (2e) (80 mg, 3%), m.p. 100-102°, r 
(CDC13 ) 2.19 and 2.62 (2 H and 4 H, t and d. J 5Hz, naphtho-
protons), 3.05 (4 H, s, benzo-protons), 5.46 (4 H, hr s, 2 x 
CH,), and 7.14 (6 H, s, 2 x CH 3). 
7,8,13,14- Teirahydro-8 , 1 3-bis-p-tolylsulphonylbenzo[b] - 
naphtho[ 1, 8-fg] [1, 4]diazonine (21) .—NN'-Ditosyl-o-phenyl-
enediamine (81) 14  (1.94 g) was suspended in water (15 ml) 
and potassium hydroxide (0.56g) was added. 1, 8-Bisbromo-
methylnaphthalene (7) (1.56 g) in benzene (30 ml) was added 
with stirring to the aqueous suspension and the mixture was 
stirred under refiux for 16 h. Benzene was removed under 
diminished pressure and the suspension was filtered and 
washed with water. The crude product was recrystallised 
from chloroform to afford the diazonine (2f) (2.34 g, 88%), 
m.p. >320° (sublimes at 300-302°) (Found: C, 67.3; H, 
5.15; N, 4.6; S, 11.5. C32H 28N2S 204 requires C, 67.6; H, 
4.95; N, 4.9; S, 11.3%), 'r (CDC1 3) 1.95-2.90 (14 H. m, 
aromatic naphtho- and tosyl protons), 3.24 (4 H, s, benzo-
protons), 4.24 and 5.11 (4 H, two superimposed AB systems, 
JAB 13.0 Hz, 2 x CR 2 ), and 7.50 (6 H, s, 2 x CH 3). 
8,1 3-Diliydrobenzo[g]naphlho[l , 8-bc][ 1 ,5]dioxonin (3) .—o-
Xylylene dibromide (10) (3.14 g) in dimethyl suiphoxide 
(25 ml) was added dropwise during 0.5 h under a stream of 
dry nitrogen to a stirred mixture of 1,8-dihydroxynaphtha-
lene (9) (2.0 g) and sodium hydride (1.0 g) in dimethyl 
sulphoxide (50 ml). The mixture was stirred for 10 h and 
then it was poured into water (500 ml). The organic 
material was extracted with chloroform (3 x 100 ml) and 
the extracts were washed with water (3 x 100 ml) and dried 
(MgSO4). Removal of the solvent under diminished pres-
sure gave an oil which was subjected to column chroma-
tography on silica gel using chloroform-light petroleum (b.p. 
60-80 °C) as eluant to afford the dioxonin (3) (0.1 g, 5%), 
* The program numbers (viz. 1 and III) established in Part 3 
will be adhered to in this paper; these programs will form the 
basis of a collection for reference in future Partz of this series.  
m.p. 125-126°, 'r (CDC15-.CS,) 2.65-.-3.25 (10 H, m, aro-
matic) and 5.04 (4 H, s, 2 x CH,). 
SR. 1 5H-DiuspJstho[1,8-bc: 1', 8'-gh][ 1 ,5)dioxecis 	(4).- 
1,8-Bisbromomethylnaphthalene (7) (5 g) in dimethyl sul-
phoxide (50 ml) was added dropwise during 1 h under a 
stream of nitrogen to a stirred mixture of 1,8-dihydroxyna-
phthalene (9) (2 g) and sodium hydride (0.75 g) in dimethyl 
sulphoxide (50 ml). The mixture was stirred for 16 h then 
poured into water (1.5 1). The organic material was ex-
tracted with chloroform (3 x 200 ml) and the extracts were 
washed with water (3 x 100 ml) and dried (1MgSO 4). Re-
moval of the solvent under diminished pressure gave an oily 
residue which was subjected to column chromatography on 
silica gel using chloroform-light petroleum (b.p. 60-80 °C) 
(1: 1) as eluant to afford two crystalline constitutionally iso-
meric products. The isomer eluted second was the dioxecin 
(4) (0.25 g, 5%), m.p. 214-215° (from light petroleum, b.p. 
60-80 °C) [Found: C, 84.3; H, 5.25%; M (mass spec.), 
312.1137. C,,H 150, requires C, 84.6; H, 5.15%; M, 
312.1150], Vm (Nujol) 1260, 1050, and 825 cm', XL 
(CHCI 3) 198 nm (log e 4.2), 'r (CDC1 3-CS,) 2.04-2.83 (12 H, 
m, aromatic) and 4.46 (4 R, s, 2 x CH,). The isomer 
eluted first was 8-hydroxyspiro[naphthalene-2( 1). 2'(3'H)-
l'H-phena!en]-l-one (11) (0.20 g, 4%), m.p. 178-180 °C)] 
(from chloroform-light petroleum (b.p. 60-80 °C) [Found: 
C, 84.8; H, 5.35%; M (mass spec.), 312.1137. C,,H 160, 
requires C, 84.6; H, 5.15%; M, 312.1150), v (Nujol) 
1 600, 1 340, and 1160 cm', X., (CHCI 1) 293 (log c 4.13) 
and 373 rim (4.01), r(CDC1 3) 2.24-3.72 (10 H, m, aromatic 
and OH), 3.77 and 4.17 (2 H, AB system, JAB  10 Hz, ole-
finic), and 6.29 and 7.10 (4 H, 2 AB systems, JAB  16 Hz, 
2 x CH,). A portion (20 mg) of this isomer was reduced 
with sodium borohydride (10 mg) in methanol (5 ml) and 
tetrahydrofuran (5 ml). After 15 min at room temperature, 
the mixture was acidified with 5N-hydrochloric acid (0.1 ml) 
and then diluted with water (20 ml). The organic material 
was extracted into ether (2 x 20 ml) and dried (MgSO 4). 
Evaporation afforded an oil which was acetylated with acetic 
anhydride (2 ml) in pyridine (10 ml) to give the diacelate 
(13) (21 mg, 82%), m.p. 184-187° [Found: M (mass spec.), 
398. C26H2204 requires M, 398], (CDC13) 2.25-3.13 (9 H, 
m, aromatic), 3.51 and 4.24 (2 H, AB system, JAB  10 Hz, 
olefinic), 6.01 (1 H, s, )CHOAc), 6.52 and 6.64 (2 H, AB 
system, JAB  16 Hz, CH,), 6.92 (3 H, s, aromatic OAc), 7.11 
and 7.23 (2 H, AB system, JAB  15 Hz, CH,), and 8.08 (3 H, s, 
)CROAc). 
Determination of Rates of Conformational Changes by 
Dynamic 'H N.m.r. Spectroscopy.—The methods used have 
been described in Parts 1, 2  2,15  and 3•1  The computer pro-
grams (coded in Fortran IV) used to generate the theoretical 
line-shapes are now described for the general methods 1-111. 
Method I. A program (I) 0  for exchange of nuclei be-
tween two equally populated sites A and B, with no mutual 
coupling. The aromatic methyl group of compound (2d) 
gave two singlet signals of unequal intensities at low tem-
peratures and so spectral line shapes were simulated between 
—33 and —3 °C by using this program. Calculated and 
observed spectra are shown in Figure 1. 
Method II. A program (III) 0  for exchange of nuclei 
between the pairs of sites Al and BI, A2 and B2, Al and A2, 
and Bland B2 in two AB systems. This program was used 
" G. W. H. Cheeseman, J. Chem. Soc., 1955, 3309. " R. Stetter, Chem. Be,'., 1953, 88, 161. 
16 Part 2, R. P. Gellatly, W. D. OlIis, and I. 0. Sutherland, 
J.C.S. Perkin 1, 1976, 913. 
Im 
to simulate the 1H n.m.r. spectral line shapes associated with 
the C-7 and C-14 methylene protons of compound (2c) be-
tween —51 and + 10 °C. At low temperatures, this com-
pound exhibits (Figure 2 and Table 1) two AB systems (A1BI 
J.C.S. Perkin I 
between two sites A and B with equal populations and 
chemical shifts, VA and v5, respectively, and a mutual coup-
ling constant, J. 
RESULTS AND DISCUSSION 
- 3°C 
- 15°C 
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A 	 'H 
(e) - 33°C 
7!62 	 808 
FIGURE 1 Observed (full line) and computed (broken line) 
spectra of the aromatic methyl protons of 10-methyl-7H,141q-
benzo[b]naphtho[ 1,8-fg][ 1,4]dithionjn (2d): (a) at —3 °C. k,. 
=628 S, PA = 0. 20, PB = 0.80; (b) at —15 °C, kAB = 82 s_i, 
PA = 0. 20, p3 = 0.80; (c) at —21 °C, kAB = 63 s, PA = 0. 20, 
Ps = 0.80; (d) at —29 °C, hAB = 37 s, PA = 0. 20, PE = 0.80; (e) at —33 °C. kAB = 29 s_i, PA = 0.20, PB = 0.80 
and A2B2) characteristic of the presence of two diastereoiso-
rneric conformations in solution. Calculated and observed 
spectra are shown in Figure 2. 
Method III. For compounds (2a, e, and f), (3), and (4) 
site exchange rate constants, k, were calculated (see Table 2) 
k 0 = IVI(VA - V) + 8 JAB iJÔI2* 	(i) 
at coalescence temperatures, T,, by using the approximate 
relationship (i), which is suitable for exchange of nuclei 
At low temperature, a single AB system is observed in 
the 'H n.m.r. spectra of compounds (2a, e, and f), (3), 
and (4) for their ring methylene protons. In all cases, 
the AB system coalesces to a singlet at higher tempera-
tures. This means (i) that the single AB system must 
be associated with either enantiolopic or homolopic ring 
methylene groups and (ii) that only one conformation is 
present in solution in the case of all of these compounds. 
The spectral changes associated with the signals for their 
ring methylene protons are summarised in Tables I and 
2. Table 1 gives chemical shifts and coupling constants 
of the high- and low-temperature spectra. Table 2 
records the spectral data which permit calculation by 
method III (see Experimental section) of the rate con-
stants at the coalescence temperatures and the associated 
free energies of activation for the ring inversion pro-
cesses. 
The temperature dependent 'H n.m.r. spectra of the 
compounds (2c and d) demonstrate that two diastereoiso-
meric conformations are populated in solution. At low 
temperatures, the ring methylene protons of compound 
(2c) give rise to two AB systems of unequal intensities 
which may be assigned to a major and a minor conform-
ation. The signals coalesce to a singlet as the tempera-
ture is increased. Three exchange processes were identi-
fied by line-shape analyses (Figure 2) and these may be 
associated with conformational interconversion of the 
two diastereoisomeric conformations and slow inversion 
of each of the diastereoisomers with its enantiorner. 
In the low temperature spectra of compound (2d), two 
signals of unequal intensities are observed (Figure 1) for 
the aromatic methyl protons. Their coalescence be-
haviour permits independent line-shape analysis of the 
interconversion process involving the two diastereoiso-
meric conformations. The spectral changes associated 
with the signals for the ring methylene protons and the 
aromatic methyl protons are summarised in Tables 1 and 
3. Table 1 gives the chemical shifts and coupling con-
stants of the high- and low-temperature spectra. Table 
3 gives details of the site exchanges affecting the signal 
line-shapes and some thermodynamic parameters asso-
ciated with the conformational changes. These are 
derived by comparison (see Figures 1 and 2) of observed 
and calculated spectra over a range of temperatures by 
methods I and II (see Experimental section). Good 
agreement is attained for the thermodynamic parameters 
associated with the interconversion process involving 
two diastereoisomeric conformations of compounds (2c 
and d) by using methods I and II on signals arising from 
two different 'H n.m.r. probes. However, line-shape 
analysis (Figure 2) was relatively insensitive to the value 
of the rate constants employed to simulate the ex-
change process associated with the signals arising from 
the minor conformation. Accordingly, some uncertainty 
(d) - 29 ° C 
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surrounds the thermodynamic parameters for this ring conformations as participants in possible ring inversion 
inversion, 	 processes. With the TB conformation (17a), however, 
The observation of isochronous ring methylene groups ring inversion would have to involve the enantiomeric 
Al2 	 B12 
(a)+1O°C 
— - ---------- - - - 	 --- - ----- 	 -, .- 
(b) - 5°C 
A, 	
A 
_--'A A---------- --- 
Cc) -29 ° C 
A 
(d)-33° C 
Al BI A i 
II 
A2 	 B2 
(e) - 51° C 
I 	 I 	 I 
r 4'51 5-15 5 ! 53 	5'72 
FIGURE 2 Observed (full line) and computed (broken line) spectra of the C-7 and C-14 methyl protons of 7H,14H-benzo[b]naphtho-
[1,8-fg][1,4]dithionin (2d); (a) at +10'C, k 1 = 125s-1 , k 1 = 125s-1 , k 12 = 250 s 1 , P, = 0.86, p1 = 0.14; (b) at —5 °C, A, = 25 s', 
= 25 s', k, = 50 s', p 1 = 0.86, p2 = 0.14; (c) at —29 °C, k 1 = 2.5s 1 , k 5 = 2.5s 1 . k = 5.0s- ', p, = 0.66, p 2 = 0.14; (d) at 
—33 *C k, = 1.5s-1, h. = 1.5s-1 , k 12 = 3.00, p1  = 0.86,p2 = 0.14; (e) at —51 °C.h 1 = 0.05s 1 , k 1 = 0.05s', k, = 0.1 s', p 1 = 
0.86, p, = 0.14 
in compounds (2) and (3) at low temperatures requires 
that the observable ground state conformation must have 
either C, or C1  symmetry. The chair C (15a) and boat B 
(16a) conformations both have C, symmetry whereas the 
twist-boat TB conformation (17a) has C 2 symmetry. 
In the case of the C (15a) and B (16a) conformations, it is 
necessary to consider degenerate C* (15b) and B° (16b) 
TB* conformation (17b). These conformations are 
conveniently 1-3,15 described by using the usual + and - 
notation 16  for torsional angles and referring in turn to 
the bonds 6a-7, 7-8, 8-8a, 12a-13, 13-14, and 14-14a. 
10 W. Klyne and V. Prelog, Experientia, 1960, 16, 521; J. B. 
Hendrickson. J. Amer. Chem. Soc., 1961, 83, 4537; 1962, 84, 3355; 












(J in Hz)' 
4.56(A1), 4.86(B1) (J 11.1) 
4.72(s) (ABI) 
4.52(Al), 4.86(131) (J 12) 
4.58(C1), 4.86(DI) U 12) 
7.74(s) 
5.72(B1) (J 12) Ci 
5.53(132) (J 14) ' 
12). 5.73(1312) (J 12) 
(AB12) 
5.62(B1) (J 12) 
5.44(132) (J 14) 1 
I), 5.66(D1) (J 12) 
1), 5.47(D2) (J 14)' 
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TABLE 1 






R X Y 
H 	0 	CH, 
CH, 0 	CH, 
H 	S 	CH, 
CH, S 	CH, 
Temp. 
Solvent (°C) 









CDCI 1 	-45 
8.08(s) (13) C 
	
+44 	SCH1' 	5.08(br s) (ABCD12) 
ArCH 5 8.01(s) (AB) 
(2e) 	H 	NMe CH, 	CDC], 	-20 	NCH, 	4.25(A1), 6.64(B1) (J 14) 
- NCH, 7.10(s) 
+30 	NCH 5 	5.46(br s) (ABI) 
NCH, 7.14(s) 
(21) 	H 	NTs 	CH, 	CDCI, 	+30 	NCH, 	4.24(A1), 5.10(131) U 13) 
+70 NCH, 4.66(br s) (ABI) 
H 	CH, 	0 	CDC),-CS, -85 	OCH1 	4.81(A1), 5.13(131) (J 10.7) 
(1: 2) 	-30 OCH 5 5.02(s) (AB1) 
CDC],-CS, -80 	OCH 5 	4.26(A1). 4.54(B1) (J 10) 
(2 : 1) 	-20 OCH, 4.33(s) (AB1) 
The designations Al. B!, etc., correspond to the site exchanges cited in Tables 2 and 3 (see note a in Table 2). Sites are desig-
nated A and B for uncoupled two-site systems. Sites that represent two time-averaged signals are designated AB. Sites are 
designated Al and B! for coupled AB systems. Sites are designated Al. B!, A2, and B2 for four-site systems where there is coupling 
in the form of two AB systems. Sites that represent two time-averaged signals are designated AB1 (average of Al and Bi), Al2 
(average of Al and A2), etc. 6 The C-7 and C-14 methylene groups are constitutionally heterotopic. 'The signal(s) for the major 
conformation. ' The chemical shift differences VAS - vB1 and VA2 - v5a equal 121 and 38 Hz. respectively. 'The chemical shift 
assignments to AB systems A1B1 and C1D1 are arbitrary. I The chemical shift assignments to AB systems A2132 and C2D2 are 
arbitrary. 
TABLE 2 
Free energies of activation for ring inversion (TB 	TB ) in compounds (2a, e, and f), (3), and (4) 
Prochiral 	 AG* (at T,)/ 
Compound 	Solvent 	 group (vA - VB) /Hz ' JAB/Hz 	TO/K 	k.5 /s 	kcal mol 
(2a) C 	 CDCI 5-CS, (1: 4) 	OCH 1 	33.0 	11.1 194 95 9.5 
() 4 CDCI5 	 NCH, 241.0 14.0 	303 	541 	14.0 
(2f) 	CDCI 3 NCH, 	87.0 	13.0 330 216 15.9 
CDC13-CS5 (1: 2) 	OCH 2 32.0 10.7 	199 	 93 	9.7 
CDC1 5-CS5 (2: 1) OCH 5 	28.0 	10.0 212 26 10.4 
• Details of chemical shifts are given in Table 1 where the AB system is denoted as A1B1. b  Calculated by method III (see Ex-
perimental section). 4  The singlet for the aromatic methyl group in the 10-methyl derivative (2b) remains sharp down to -100 'C, 
thus indicating the absence of exchange between diastereoisomeric conformations. ' The singlet for the N-methyl group remains 
sharp down to -50 'C, thus indicating the absence of exchange between diastereoisomeric conformations. 
TABLE 3 
Site exchanges and thermodynamic parameters associated with conformational changes in compounds (2c and d) 
Site 	 tG°/ 
Compound 	Solvent 	Program 	exchanges • 	p1 or PA 	/ or /'B 	kcal moll 6 kcal mol' 	Process 
(2c) 	CDC1,-CS, III Al - tp. A2 0.86 0.14 0.80 	13.3 TB .-.- C 
(2: 1) 	 Bi -. B2 	 (-51 °C) 
Al 	BI 13.7 	TB 	TB 
A2 B2 	 13.7' CoC 5 
(Zd) 	CDC13 	 I 	A --- *.B 0.20 	0.80 	0.63 	12.6 	C-.--TB 
B-D-A 	 (-45°C) 13.2 TB-e.0 
Details of chemical shifts and coupling constants are given in Table 1. In compound (2c), the AB system AIB1 refers to the 
C-7 and C-14 methylene protons of the twist-boat (major) conformation (17) and the AB system A2132 refers to the C-7 and C-14 
methylene protons of the chair (minor) conformation (15). In compound (2d), the singlet A refers tothe aromatic methyl protons of 
the chair (minor) conformation (16) and the singlet B refers to the aromatic protons of the twist-boat (major) conformation (17). 
'The AG* values are for the process TB ---o- C. 'Some uncertainty surrounds this value for C C 0 ring inversion (see text). 
Molecular models indicate that the pen-interaction 
between methylene groups of the ring in the chair (15)  
and boat (16) conformations (2a-f) is particularly large. 




in the twist-boat conformation (17) where the principal 
non-bonded interactions are between the ring methylene 
groups and the heteroatoms (X = 0, S, NMe, or NTs). 





(170 TB (-.--.-) 	 (17b) TB °  
We therefore propose that the twist-boat conformation 
(17) is the ground state conformation and that ring 
inversion involves a TB TB' pseudorotational 
process (see Figure 3). Four observations support this 
C4—TS------ 
FIGURE 3 Conformational changes in heterocyclic analogues of 
7.8,13. 14-tetrahydrobenzo[6. 7]cyclonona[ 1 ,2,3-de]naphthalene 
proposal. (i) The magnitudes (33 Hz for X = 0, 87 Hz 
for X = NTs, 121 Hz for X = S, and 241 Hz for X = 
NMe) of the chemical shift of differences [(VA — v) in 
Tables 2 and 3] for the ring methylene protons is found 
to depend significantly upon the nature of the ring hetero-
atoms. There are a number of examples 8 . 17 where van 
der Waals interactions between heteroatoms and proxi-
mate protons lead to deshielding of the proton involved. 
The expectation 18 that the deshielding influence of 
heteroatoms will be related to their polarisabilities also 
appears to be fulfilled by the data recorded in Tables 2 
and 3, (ii) The fact that the free energies of activation 
(AG: 13.7-15.9 kcal mol') for TB TB ring in-
version in the dithionins (2c and d) and diazonines (2e 
and f) are larger than those (9.5 kcal mol 1) for the dioxon-
ins (2a and b) is consistent with the pseudorotational 
process shown in Figure 3 where the FBI (18a and b) and 
(18a) FBI (os-os-) 




Go 	 140 
7 
(190 FB2 (-so-so) 	(19b) FB2 (.-o ,-o) 
7/ 	x13 
:) 
14 	 6a 
 
_77 	 X13 
8X 
so 
(ZOo) TS (#-oo.-) 	 (20b) TS (-oo-+) 
FB2 (iDa and b) conformations correspond to the transi-
tion state conformations. The main component of 
strain in these folded boat transition states (18) and (19) 
arises from non-bonded interactions between the ring 
(15b) C' (-.-.-.) 
17 S. Winstein, P. Carter, F. A. L. Anet, and A. J. R. Bourn, J. 	' L. M. Jackman and S. Sternhell. Applications of Nuclear 
Amer. Chem. Soc., 1965, 87, 5239; T. Sato and K. Uno, J.C.S. Magnetic Resonance Spectroscopy to Organic Chemistry.' Perga-
Perkin I, 1973, 895. 	 mon, London, 1969, p.  71. 
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methylene (Y = CH.) groups and the heteroatoms (X = 
0, S, NMe, or NTs). (iii) The fact that the free energies 
of activation (AG: 9.5-9.7 kcal mol') for the dioxonins 
(2a and b) and (3) are almost identical is compatible with 
twist-boat (17) ground state conformations and folded 
boat [(18) and (19)] transition state conformations with 
very similar energy contents. Molecular models reveal 
that this is the case whether X = 0 and Y = CH 2 as in 
dioxonin (2a) or X = CH 2 and Y = 0 as in dioxonin (3). 
(iv) When the heteroatoms are both sulphur (X = S) as in 
the dithionins (2c and d), then transannular nonbonded 
interactions with the ring methylene groups (Y = CH 2) 
destabilise the twist-boat conformation (17) sufficiently 
to permit the observation of Ca. 20% of a second conform-
ation at low temperatures. The minor conformation ' 
is presumably the chair conformation (15). Molecular 
models indicated that the most probable transition state 
conformation for ring interconversion is the TS conform-
ation (20a and b) with C3 symmetry on the pathway be-
tween the chair (15) and boat (16) conformations (see 
Figure 3). The chair conformation (15) can therefore be 
regarded as a detectable intermediate in the TB TB* 
ring inversion of the dithionins (2c and d). In principle, 
the free energy of activation for TB —p. C interconver-
sion should be reduced by RTIn 2 relative to that for 
TB TB* inversion since kTB TV = 0.5 kTB —p .c 
if the inversion process involves intermediate chair con-
formations (15). Qualitatively, this feature is evident 
(see Table 3) in the dithionins (2c and d) where the only 
criteria exercised in the determination of kTB TB and 
kTB ......p. c by line-shape analysis using two different 'H 
n.m.r. probes were the matches between observed and 
calculated spectra (see Figures 1 and 2). 
It is noteworthy that when a peri-annelated naphtha-
lene ring replaces an ortho-annelated benzene ring in 
'6,8,6' systems (1), chair-like conformations are de-
stabilised relative to boat-like conformations. Also, the 
• We assign as the major conformation the twist-boat conform-
ation (17) because the more intense AB system (A1B1) has a 
larger chemical shift difference (VA1 - v5 1 ) of 121 Hz associated 
with it [see observation (i)] than has the less intense AB system 
(A2B2) where the chemical shift difference (v, - v) is only 
38 Hz. - 
J.C.S. Perkin I 
increase in transannular non-bonded interactions asso-
ciated with the pen-positions of the naphthalene rings 
leads to much higher barriers to ring inversions involving 
pseudorotational processes. 
At low temperatures, the dioxecin (4) exhibits an AB 
system for the ring methylene protons in its 'H n.m.r. 
spectra. Since chair and boat conformations would both 
be even more unstable relative to a twist-boat conform-
ation (21) in a ten-membered ring containing two pen-
interactions, we proposed that the ground state con-
formation is once again of this type. The notation 
(210)rB (-........,...) (21b) TB °(.-+,.) 
for torsional angles in the TB (21a) and TB*  (21b) con-
formations refers in turn to the bonds 6a-7, 7-8, 8-8a, 
14a-15, 15-16, and 16-16a. Two observations support 
the proposal that the observable ground state conform-
ation is a twist-boat conformation (21). (i) The magni-
tude (28 Hz) of the chemical shift difference [(VA - VB) in 
Table 2] for the ring methylene protons is very similar 
to those of 33 and 32 Hz observed for the dioxonins (2a) 
and (3). (ii) The value of 10.4 kcal mol' for the free 
energy of activation to TB ' TB* ring inversion 
is very similar to those of 9.5 and 9.7 kcal mol' observed 
for this process in the dioxonins (2a) and (3), and is 
entirely in accord with a pseudorotational process. 
We acknowledge the award of an S.R.C. Research 
Studentship (to D. J. B.). 
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Conformational Behaviour of Medium-sized Rings. Part 5.' Trans-
annular Reactions of (1 6Z)-8,9-Dihydro-8-methyl-7H-dinaphth-
[1,8-cd :1 ',8'-hi]azacycloundecina and (1 2Z)-6 7- Dihydro-6-methyl-5H-
dibenz[c,g]azonine. Two Examples of' Reverse Hofmann Eliminations' 
By David J. Brickwood, Afaf M. Hasse n, W. David 011is, Julia Stephanidou Stephanatou, and J. Fraser 
Stoddart, Department of Chemistry, The University, Sheffield S3 7HF 
The olefinic double bonds in the cyclic ene-amines (5) and (8) have been shown to have the cis-configuration since 
two conformational diastereoisomers are formed in each case on quaternisation at nitrogen. The eleven-membered 
ring one-amine (5), which is conformationally stable on the 'H n.m.r. time-scale up to +160 'C, undergoes trans-
annular reactions involving the carbon–carbon double bond and the nitrogen atom in acidic, neutral, and basic 
media. Although the nine-membered ring ene-amine (8), which is conformationally mobile on the 'H n.m.r. 
time-scale at room temperature, also undergoes trarisannular reactions involving the carbon–carbon double bond 
and the nitrogen atom in acidic and neutral media, more vigorous reaction conditions are required. 
OUR interest' in the conformational behaviour of the 
nine-membered ring systems (la—f) and (2) and the 
(1) a R = H, X 0, V CR2 I4 l 
- 	 b ; R=Me, X=O,Y=CH2 
c,R= H, X=S, V=CH2 
d R = Me, X S, V CR2 	?H2 ?HZ 
V 	V 	e,R=H, X=NMe,Y=CH2 0 0 













(4) 	 (5) 	 (6)a; X=I 
b, X = OH 




Br– —Me 	X 
! 
6N
12 I 	\ 8 .8 
10 9 
(7) 	 (8) 	 (9)a, X =1 
X a Br 
X OH 
X=OMe 
ten-membered ring system (3) incorporating 1,8-disubsti- 
tuted naphthalene units as torsionally rigid groups has 
1 Part 4, D. J. Brickwood, W. D. Ohs, and J. F. Stoddart, 
preceding paper. 
' S. Hauptmann, P. Hunger, and S. Blaskovits, J. paht. 
Chem., 1968, 37, 72. 
$ G. Wittig, H. Tenhaeff, W. Schoch, and G. Koenig, Annalen, 
1951, 872, 1; J. H. Brewster and R. S. Jones, J. Org. Chem., 1969, 
84,. 354.  
led to the preparation of the eleven-membered ring 
system (5) from the spiro-ammonium salt 2  (4) by a route 
analogous to that 3  already employed by us 4 in the syn-
thesis of the nine-membered ring system (8) from the 
spiro-ammonium salt (7). However, during the synthe-
sis of the eleven-membered ring ene-amine (5) from the 
spiro-ammonium salt (4) by this route, which involves a 
Stevens rearrangement and a Hofmann elimination, it 
was found that (5) undergoes transannular reactions 
involving the carbon-carbon double bond and tha nitro-
gen atom to afford quaternary ammonium salts (6). 
This observation prompted us to examine the propensity 
for the nine-membered ring ene-amine 4  (8) to undergo 
transannular reactions as well to give the corresponding 
quaternary ammonium salts (9). In this paper, we 
describe the results of these two investigations, one of 
which has received brief mention in a recent review 5 on 
the conformational behaviour of medium-sized ring 
systems. 
EXPERIMENTAL 
The general methods are discussed in Part 34 
2, 2-(3H,3'H)-Spirobi-( LH-benz[de]isoouinolinium) 	Bro- 
mide (4).—A 25% ammonia solution (500 ml) was added to 
a solution of 1,8-bisbromomethylnaphthalene 6  (80 g) in 
benzene (800 ml). The mixture was heated (80-85 °C) 
and stirred in an autoclave for 10 h. On cooling, the 
crystalline product was collected by filtration and washed 
with benzene, then with water. Recrystallisation from 
methanol gave the spiro-ammonium salt (4) (43 g, 84%), 
m.p. >3000  (lit.' m.p. 380°), as needles containing one mole 
of methanol of crystallisation, which was removed at 0.5 
mmHg and 140 °C (Found: C, 71.4; H, 5.0; Br, 20.0; N, 
3.65. C 24H,,13rN requires C, 71.6; H, 5.0; Br, 19.9; N, 
3.5%), 'r (CF,CO,H) 1.88-2.74 (12 H, in, aromatic) and 
4.91 (8 H, S. methylene). 
16,1 6a-Dihydro-7H, 9H-benzo { efbenz[4,5, 6]isoquino[2, 1-b)- 
[2]benzazepine (10).-1M-Phenyl-lithium in ether (75 ml) was 
added dropwise with stirring during 4 h to a suspension of 
the spiro-ammonium salt (4) (40 g) in dry ether (300 ml). 
Initially, the mixture assumed a green colouration which 
W. D. 011is and J. F. Stoddart, J.C.S. Perkin 1, 1976, 926. 
W. D. 011is, J. F. Stoddart, and I. 0. Sutherland, Tetrahe-
dron, 1974, 30. 1903. 
• E. D. Bergmann and J. Szrnuszkovicz, J. Amer. Chem. Soc., 
1953, 75, 2760. 
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disappeared after stirring for 16 h. Water was added to des-
troy excess of phenyl-lithium and the mixture was filtered. 
The white solid was washed repeatedly with ether and the 
combined ethereal extracts were dried (MgSO 4). Reduction 
of the volume of the ethereal solution to Ca. 300 ml by distill-
ation followed by cooling gave needles of the bicyclic amine 
(10) (12.8g. 40%), m.p. 148_1500  [Found: M (mass spec.), 
321. C,4H 19N requires M, 231]. 'r (CDCI,) 2.24-2.92 (12 H, 
m, aromatic) and 5.30-6.28 (7 H, 2AB systems and ABX 
system, methine and methylene protons). 
16,1 6a-Dihydro-8-met hyl-7H, 9H-benzo[ef)benz[4, 5, 6)iso-
quino[2, 1-b] [2]benzazepinium Iodide (6a) .-Methyl iodide 
(30 ml) was added to the bicyclic amine (10) (10 g) in ether 
(200 ml) and benzene (100 ml) and the solution was stirred 
for 16 h. The precipitated salt was collected by filtration 
and washed with ether. Recrystallisation from methanol 
gave yellow needles of the ,nethiodide ( 6a) (13.3 g, 92%), m. p. 
262-270° (decomp.), containing methanol of crystallisation, 
which was removed at 5 mmHg and 215 °C (Found: C, 
64.5; H, 4.7; I, 27.1; N, 2.9. C, 5H,,IN requires C, 84.8; 
H, 4.8; 1, 27.4; N, 3.0%), -r (CF 3CO3H) 1.83-2.65 (12 H, 
m, aromatic), 4.18-6.63 (7 H, 2AB systems and ABX 
system, niethine and methylene protons), and 6.75 (3 H, s, 
Me). 
(1 6Z)-8, 9-Dihydro-8-methyl-7H-dinaphth[ 1,8-cd :1 '8'-hi]-
a.zacycloundecine (5) and I 6a-Methyl- 16,1 6a-dihydrc'-7H, 9H-
benso[ef]bcnz[4, 5,6] iso quino[2, 1-b] [2]benzazepine (11).-
Silver oxide (5 g) was added to the bicyclic methiodide (6a) 
(10 g) in methanol (62 ml) and water (13 ml). The mixture 
was stirred for 16 h at room temperature and then the pre-
cipitated silver salts were removed by filtration and washed 
with methanol. Methanol was removed from the filtrate 
under vacuum without heating. The quaternary ammon-
ium salt was dissolved in dry toluene (250 ml) and the solu-
tion was heated under reflux for 2 h in a Dean-Stark ap-
paratus in order to remove water formed. Toluene was 
then distilled off under reduced pressure and the crystalline 
residue was recrystallised, first from light petroleum (b.p 
60-80 °C) and then from ethyl acetate, yielding colourless 
crystals of the cyclic ene-amine (5) (1.7 g, 24%), m.p. 197° 
[Found: C, 89.6; H. 6.55; N, 3.95; M (mass spec.), 335. 
C25H 21N requires C. 89.5; H, 6.3; N, 4.2%; M, 335], 
-r(CDCI,) 2.27-2.83 (12 H, m, aromatic), 2.87 (2 H, s, ole-
finic), 4.87 and 6.79 (4 H. 2 x AX systems, lAX  12.4 Hz, 
ArCH,N), and 8.62 (3 H, s, Me). A second product, isolated 
by column chromatography on silica gel using ethyl acetate-
light petroleum (b.p. 60-80 °C) (1: 3) as eluant, was the 
rearrangement product (11) (100 mg, 1%) [Found: M (mass 
spec.). 335. C,,H, 1N requires M, 335], r(CDC1 3) 2.18-2.96 
(12 H, m, aromatic). 5.26 and 6.26, 5.50 and 5.93, and 6.12 
and 6.40 (6 H, 3 x AB systems with JAB  16.0, 17.0, and 16.0 
Hz, respectively, methylene protons), and 8.34 (3 H, s, Me). 
Reaction of the Cyclic Eve-amine (5) with Trifluoroacetic 
Acid.-When the 'H n.m.r. spectrum of the ene-amine (5) 
was recorded immediately after dissolution in trifluoroace-
tic acid, evidence for the formation of two N-protonated 
conformational isomers (12) in the approximate ratio 3: 1 
was obtained: -r (major isomer) (CF,CO,H) 1.89-2.62 (12 H, 
m, aromatic), 3.89 (2 H, br d, J,,, 13.8, JCHH < 1.0 Hz, 
methylene protons), 5.56 (2 H, q. J, 13.8, JCH,jH  10.0 Hz, 
methylene protons), and 7.65 (3 H. d, 5.8 Hz, Me); -r 
(minor isomer) (CF,COH) 1.89-2.62 (12 H, m, aromatic), 
4.98 (2 H, q, J,, 14.0, JdniH  8.0 Hz, methylene protons), 
5.28 (2 H, q, Jqern 14.0, Jcr,  4.0 Hz, methylene protons), 
and 6.72 (3 H, d. JMeH  5.0 Hz, Me). During 2 days at 
J.C.S. Perkin I 
room temperature the minor isomer was completely con-
verted into the major isomer. 
N-Oxides (13) of the Ene-amine (5).-The ene-amine (5) 
(334 rug) dissolved in chloroform (50 ml) was added gradual-
ly to ,n-chloroperbenzoic acid (357 mg) in ether (18 ml) main-
tained below 5 °C by immersion in an ice-bath. After 24 h, 
sodium hydroxide solution (20 ml; 10%) was added and the 
chloroform layer was separated and dried (MgSO 4). Evap-
oration of the chloroform under vacuum at room tempera-
ture afforded an oil. Two conform ationall y isomeric N-
oxides (13) were separated by preparative tic, on silica gel 
using methanol as eluant. The faster moving component 
was the major isomer (50 mg, 14%), m.p. 116-118° (de-
comp.) [Found: M (mass spec.), 351.1624. C,,H,,NO 
requires M, 351.1623], T (CDCI,) 2.36(2 H, s, olefinic), 2.38-
3.15 (12 H, m, aromatic), 3.58 and 5.40 (4 H. 2 x AB sys-
tems, JAB 14.8 Hz, methylene protons), and 6.42 (3 H, S. 
Me); the minor isomer (20 mg, 6%) had m.p. 126-127° 
(decomp.) [Found: ./W (mass spec.), 351.1631. C 15H21N0 
requires M, 351.1623], (CDCI,) 2.45(2 H, s, olefinic). 1.75-
3.30 (12 H, m, aromatic), 4.13 and 5.58 (4 H, 2 x AB sys-
tems, JAB  12.7 Hz, methylene protons), and 6.34 13 H, s, Me). 
Reaction of the Ene-amine (5) with Hydroiodic Acid.-
Hydroiodic acid (0.1 ml) was added to the ene-a mine (5) (100 
mg) dissolved in ethanol (30 ml) and the mixture was 
stirred at room temperature for 2 h. The yellow precipi-
tate was collected and recrystallised from methanol to give 
yellow needles of the bicyclic ,nelhiodide ( 6a) (100 ing, 72%), 
m.p. 270° (decomp.), containing methanol of crystallisaon 
which was removed at 5 mmHg and 215 °C (Found: C, 
64.7; H, 5.0; N, 2.8. C,HIN requires C, 64.8; •H, 4.8; 
N, 3.0%). The 'H n.m.r. spectrum in CF,CO 2H was identi-
cal with that already described. 
Reaction of the Ene-amine (5) with Aqueous Methanol.-
The ene-amine (5) (30 mg) was stirred in methanol (15 ml) 
and water (7.5 ml) at room temperature for 48h. Waterand 
methanol were removed on a rotary evaporator at room 
temperature. A 'H n.m.r. spectrum of the residue in 
CF,CO,H indicated the presence of the bicyclic hydroxide/ 
methoxide (6b/c) and the N-protonated species (12) in the 
approximate ratio 1: 2. Evidence that the N-protonated 
species (12) arises from reaction of unchanged ene-amine (5) 
with trifluoroacetic acid was obtained by extracting the 
remainder of the residue with chloroform and recording the 
'H n.m.r. spectrum of the extract in CDC1,. This spectrum 
indicated the presence of unchanged ene-amine (5) in the 
original residue. 
In a second experiment the ene-amine (5) (20 mg) was 
stirred in methanol (10 ml) and water (5 ml) at room tem-
perature for 48 h. Water and methanol were removed on a 
rotary evaporator at room temperature and the residue was 
dissolved in hot ethanol. Amberlite C.G. 400 resin (1 
form) (300 mg) was added and the mixture was heated 
under reflux for 0.5 h. A yellow gum was obtained from 
the filtrate after evaporation of the ethanol. Trituration 
of this gummy material with ethanol afforded a solid which, 
upon recrystallisation from methanol, yielded yellow needles 
of the bicyclic met/jiodide ( 6a) (5 mg, 18%), m.p. 268° (de-
comp.), containing methanol of crystallisation which was 
removed at 5 mmHg and 215 °C (Found: C, 64.8; H, 4.95; 
N, 2.85. CaIc. for C 25H.,2IN: C. 64.8; H. 4.8; N, 3.0%). 
The 'H n.m.r. spectrum in CF 3CO2H was identical with that 
already described. 
Reaction of the Ene-amine (5) with Aqueous Methanol at pH 
l0.-The ene-amine (5) (30 rug) was stirred in methanol (15 
- - 
	 .. 	 -,--------. 
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ml) and water (7.5 ml) adjusted to pH 10 by addition of 
ammonia solution. After stirring for 48 h at room tem-
perature, water and methanol were removed; a 'H n.m.r. 
spectrum of the residue in CF,CO,H indicated the presence 
of the bicyclic hydroxide/methOXide (6b/c) and N-proton-
ated species (12) in the approximate ratio 1: 2. 
Reaction of (1 2Z)-6, 
azonine (8) in TrifluoroacetiC Acid.-WhCfl the 'H n.m.r. 
spectrum of the erIe-amine '' (8) was recorded immediately 
after dissolution in trifluoroacetiC acid, evidence for the 
formation of two N-protonated conformational isomers of 
(14) in the approximate ratio 4: 3 was obtained: r (major 
isomer) (CF3CO3H at -10 °C) 7.09 (d, Jeiii 
5.6 Hz, Me); 
'r (minor isomer) (CF,CO,H at - 10°C) 6.58 (d, JMeiiH 5.6 
Hz, 
Me). The remainder of the 'H n.m.r. spectrum consisted 
of two sets of overlapping multiplets: 'r 2.40-3.20 (aromatic 
and olefinic protons) and 4.90-5.80 (methylene protons). 
At room temperature all signals were considerably broad-
ened, indicating that conformational interconversion was 
reasonably fast on the n.m.r. time-scale. 
N-Oxide (15) of the Ene-aniine (8)-The ene-amine 
" (8) 
(233 mg) dissolved in chloroform (10 ml) was added gradual-
ly to a solution of mchloroperbenZOiC acid (357 mg) in ether 
(20 ml) maintained below 5 °C by immersion in an ice-bath. 
After 24 h, sodium hydroxide solution (5 ml; 10%) was 
added and the chloroform layer was separated and dried 
(MgSO4). Evaporation under vacuum at room temperature 
afforded the N-oxide (15) (200 mg, 75%), m.p. 
135140° 
[Found: M(mass spec.), 251. C, 7H, 7NO requires M, 251]. 
(CDC1 3) 2.62-3.14(10 H, m, aromatic and oleünic). 5.18 
and 5.30 (4 H, 2 x AB systems, JAB 
13.0 Hz, methylene 
protons), and 6.82 (3 H, s, Me). 
Reaction of the Ene-amine (8) with Hydroiodic Acid.-
Hydroiodic acid (0.1 ml) was added to the erie-amine 3
.4 (8) 
(100 mg) dissolved in ethanol (30 ml) and the mixture was 
stirred at room temperature for 2 h. The solvent was evap-
orated off under vacuum at room temperature; the 'H n.m.r. 
spectrum of the residue in trifluoroacetiC acid indicated the 
presence of the bicyclic methiodide (9a) [ (CF,CO,H) 2.35-
2.85 (8 H. m, aromatic), 4.65-4.85 (1 H, t, H-11b), 5.06 
and 5.33 (4 H, 2 x s, C-5 and C-7 methylene protons), 
6.05-6.87 (2 H, octet, C-12 methylene protons), and 6.55 
(3 H. s, Me)] and was identical with that obtained for the 
bicyclic methobromide A (9b) N (CF,CO,H) 2.40-2.90 (8 H, 
in, aromatic). 4.66-4.84 (1 H, t, H- llb). 5.05 and 5.32 (4 H, 
2 x s, C-5 and C-7 methylene protons). 6.08-6.90 (2 H, 
octet, C-12 methylene protons), and 6.54 (3 H, s, Me)] re- 
ported in Part 3.' 
Reaction of the Ene-amine (8) with Aqueous Methanol.-
The ene-amine '' (8) (20 mg) was stirred in methanol (10 ml) 
and water (5 ml) at room temperature for 48 h. T.l.c. on 
silica gel (ether as eluant) indicated that the starting material 
was largely unchanged. The solution was then heated 
under reflux for 2 h, during which time all the olefin (8) 
reacted (t.l.c:). Water and methanol were removed; a 'H 
n.m.r. spectrum of the residue in trifluoroacetic acid indi-
cated the presence of the bicyclic hydroxide/iflethoxide 
(9c/d) ['r (CF,CO,H) 2.40-2.90 (8 H, m, aromatic), 4.66-
4.86 (1 H, t. H- llb), 5.04 and 5.33 (4 H, 2 x s, C-5 and C-7 
methylene protons). 6.06-6.90 (2 H, octet, C-12 methylene 
protons), and 6.54 (3 H. s, Me)] as the only product. 
RESULTS AND DISCUSSION 
The eleven -membered ring ene-amine (5) was prepared 




Y~' Me 	 'Me 
" 	
(CJ 
R = H (12) X = CF 3CO2 	(13) 
R = Me 
In the knowledge that the cyclic ene-amine (5) has a 
reasonably rigid conformation, it proved possible to show 
that the olefinic double bond has the cis-configuration in 
this eleven-membered ring compound. Examination of 
the 'C satellite signals associated with the olefinic 
resonance at 2.87 in the 'H n.m.r. spectrum revealed a 
vicinal coupling constant of ca. 10 Hz for the olefinic 
protons, and so compound (5) was tentatively assigned 
the cis-configuration [(5a) in Figure 1. Unambiguous 
evidence for this follows from (i) the identification of two 
conformational diastereoisomers * (Figure 2) of the N-
protonated salt (12) in the 'H n.m.r. spectrum of the 
cyclic erie-amine (5) recorded in tnfluoroacetiC acid under 
conditions of kinetic control and (ii) the isolation of two 
crystalline conformational diastereoisOmerS 
* (Figure 2) 
of the N-oxide (13) of the cyclic ene-amine (5). Figure 1 
draws attention to the fact that whereas the cis-isomer 
(5a) has diastereotOpic faces (A and B) associated with 
• Proof of the configurational assignment is contained in the 
observation that two conformational diastereOiSOmers are formed 
in both reactions. Although conformatioflal 
assignments are 
immaterial as regards this particular argument, it is temptir.g 
to speculate that the major conformational diastereoisomerS 
(see Experimental section) formed from (5) on (i) N-protonatlofl 
under kinetic control and (ii) N-oxide formation are the exo-
isomers (see Figure 2), exo-(12) and exo-(13). respectively. In 
each case, formation of these isomers follows from attack of (5) by 
the reagents in the more sterically accessible manner. Coupling 
constant data (see Experimental section) for the trifluoroacetateS 
and chemical shift data (see Experimental section) for the N-
oxides (13) lend some support to these tentative conformational 
assignments. 
spiro-ammonium salt 2 (4) to give the bicyclic amine (10), 
(ii) formation of the methiodide (6a), and (iii) its con-
version into the quaternary ammonium hydroxide (6b). 
Initial attempts to pyrolyse the hydroxide (Gb) were 
unsuccessful; starting material was invariably recovered. 
However, when the hydroxide (6b) was heated under 
reflux with dry toluene in a Dean-Stark apparatus, re-
action proceeded smoothly to give the eleven-membered 
ring ene-amine (5) as the major (elimination) product and 
the Stevens rearrangement product (11) as the minor 
component of the dehydration. Compound (5) was 
shown to be conformation ally stable on the 'H n.m.r. 
time-scale: the AX system observed for the ring methyl-
ene protons on C-7 and C-9 remained discrete and sharp 
up to + 160 °C in nitrobenzene solution. This means 
that the free energy of activation for ring inversion in 
compound (5) must be in excess of 27 kcal moI'. 
H 







FIGURE 2 The formation of conformatiOflal diastereoisomerS from 
the cyclic ene-amine (6) on (i) treatment with trifluoroaCetic 
acid to give the trifluoroacetates, eido-(12) and exo-(12), and on 
(ii) oxidation with mchloroperbenZoiC acid to give the N-oxides, 
endo-(13) and exo-(13) 
media, as well as in acidic media. Although transannu- 
lar reactions between carbon—oxygen double bonds ' and 
' L. Brzechffa, M. K. Eberle, and G. G. Kahie, J. Org. Chem., 
1975, 40. 3082. 
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quaternisatiOfl at nitrogen and so can give rise to di- 
astereoisomeric products, the trans-isomer (5b) has homo- 
topic faces (C) associated with quaternisatiOfl at nitrogen 
Face  
(50) 
J.C.S. Perkin I 
moval of the solvents indicated the presence of transannu-
lar products (6b,c) and unchanged cyclic ene-amine (6) 
in the approximate ratio 1: 2 in each case. Since the 
unchanged cyclic ene-amine (5) is transformed quanti-
tatively into the N-protonated salt (12) on addition of 
trifluoroacetic acid (see above), the presence of (5) in the 
residues from experiments (ii) and (iii) was confirmed by 
H ' n.m.r. spectroscopy (solvent deuteriochiorOform) of 
chloroform extracts of the residues. In addition, experi-
ment (ii) was repeated and the bicyclic ammonium 
hydroxide/methoxlde (6b/c) formed during the trans-
annular reaction was characterised as the bicyclic am-
monium methiodide (6a) after treatment of the mixture 
with an anion-exchange resin in the iodide form. 
All the evidence from the reactions of the cyclic ene-
amine (5) with proton donors suggests that N-protonated 
salts (12) are the products of kinetic control whereas the 
bicyclic ammonium salts (6) formed as a result of trans-
annular reactions (Figure 3), which may be described as 
'reverse Hofmann eliminations,' are the thermodynalni-
cally more stable products. It is interesting that (5) 
undergoes transannular reactions in neutral and basic 
(5b) 
FIGURE 1 The cis-(5a) and trans-(5b) isomers of the cyclic ene-
amine (5). The cis-isomer (5a) with C, symmetry has diastereo-
topic faces (A and B) associated with quaternisatlOfl at nitro-
gen. The trans-isomer (Sb), with C, symmetry has homotopiC 
faces (C) associated with quaternisation at nitrogen 
and so would give rise to only pne product. It follows 
that the configuration of the olelinic double bond in (5) is 
cis (Z). The 'H n.m.r. spectroscopic identification of 
conforrnatiOflallY diastereoisomeriC trifluoroacetateS (12) 
and the isolation of conformatioflally diastereoisomerlc 
N-oxides (13) indicate that the barriers to conformational 
interconversion in both cases are greater than ca. 25 kcal 
mo1 1 [cf. the high energy barrier to ring inversion of (5) 
to which attention has already been drawn]. 
The difficulty experienced in carrying out a Hofmann 
elimination on the quaternary ammonium hydroxide (6b) 
unless water is simultaneously removed from the reaction 
vessel suggests that the reverse reaction {(5) + H 2O --
(6b)] is favoured. In fact, the cyclic ene-amine (5) 
undergoes reactions in acidic, neutral, and basic media to 
give quaternary ammonium salts. The experiments 
which substantiate these claims are as follows. (i) 
Treatment of an ethanolic solution of (5) with hydroiodic 
acid at room temperature for 2 h afforded the bicyclic 
ammonium methiodide (Ga) in 72% yield. When (5) 
was stirred, either (ii) in aqueous methanol at room 
temperature for 48 h, or (iii) in aqueous methanol ad-
justed to pH 10 by addition of ammonium hydroxide at 
room temperature for 48 h, 1H n.m.r. spectroscopy in 
trifluoroacetic acid of the residues remaining after re- 
* Transannular reactions between carbon—nitrogen double 
bonds and nitrogen atoms, although not so common, are known.' 
nitrogen atoms in amino-ketones are well known, 9 
relatively few transannular reactions between carbon-
carbon double bonds and nitrogen atoms are known '' 
and most 12-15  require an acid catalyst. However, there 
are isolated examples of transannular reactions between 
carbon-carbon double bonds and nitrogen occurring 
in neutral 9 and basic 10 media. In the present case, the 
propensity for the cyclic ene-amine (5) to undergo 
transannular reactions is not surprising in view of the 
ability of 7,12-dihydropleiadenes 17 and 7H,14H-cyclo-
octa[1,2,3-de;5,6,7-d'e']dinaphthalefle Is to exhibit trans-
annular interactions and reactions associated with 
functionality at the pen-positions. However, to our 
knowledge, the transannular reactions described here 
are the first examples involving a carbon-carbon double 
bond and a nitrogen atom in a medium-sized ring in-
corporating two naphthalene residues. Attempts to 
carry out oxygen-transfer reactions on the N-oxides (13) 
- 
Z4.1 	14 - 
(5) 	 (6) 
FIGURE 3 Transannular reactions of the cyclic ene-amine (5) 
in strongly acidic media similar to those reported 1.19 for 
orihoa1kenyldimethylbeflZYlamfle oxides were un-
successful. 
Next, it was of interest to discover if the nine-mem- 
bered ring ene-amine (8), whose conformational behaviour 
was discussed in Part 3,4 exhibited transannular reactions. 
First, the assumption 4 that the olefinic double bond 
o 
Me - 	 p.ie 
H 	 1,"o - 
(14) X = CF3C0 	 (15) 
has the cis-configuration in (8) was proved unambiguous- 
ly by the fact that (8) forms two conformational diastereo- 
• J. Sicher, Progr. Stereochem., 1962, 3, 239. 
• F. L. Pyman, J. Chem. Soc., 1913, 103, 817. 
'° H. Favre, R. D. Haworth, J. McKenna, R. G. Powell, and 
G. H. Whitfield, J. Chem. Soc., 1953, 1115. 
11 P. B. Russell, J. Amer. Chem. Soc., 1956, 78, 3115. 
12 L. A. Paquette and L. D. Wise, J. Amer. Chem. Soc., 1965, 
87, 1561. 
11 L. A. Paquette and K. M. Scott, J. Org . Chem., 1968, 33, 
2379.  
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isomers of the N-protonated salt (14) on treatment with 
trifluoroacetic acid. This was established by 'H n.in.r. 
spectroscopy at -10 °C. The line broadening associated 
with the signals for (14) in trifluoroacetic acid at room 
o 	Q 
Me 	 AN-Me X 
-H ¼\J 
U 
(8) 	 (9) 
Ficuaz 4 Transannular reactions of the cyclic ene-amine (8) 
temperature indicates that conformational interconver-
sion of the two diastereoisorners is occurring with a AGIT 
value of Ca. 15-20 kcal moll. It may he recalled 
4 that 
chair-chair inversion of the cyclic ene-amine (8) is 




FIGURE 6 The boat conformations (16) and (17) of the cyclic 
ene-amines (6) and (8), respectively 
that only one N-oxide (15) was isolated when the cyclic 
ene-amine (8) was treated with tit-chloroperbenzoic acid 
is not unexpected in view of the relatively low energy 
" D.W. Brown, S. F. Dyke, G. Hardy, and M. Sainsbury, Tetra-
hedron Letters, 1968, 2609; M. Sainsbury, D. W. Brown, S. F. 
Dyke, and G. Hardy, Tetrahedron, 1989, 25. 1881. 
16 R. A. Johnson, J. Org. Chem., 1972, 37, 312. 
il M. J. Begley and N. \Vhitteker, J.C.S. Perkin 1, 1973, 2830; 
Y. Arata, Y. Ada, S. Yasuda. and M. Hansoka. Chem. and Pharm. 
Bull. (Japan), 1973, 21, 2872; P. W. Jeffs and J. D. Scharver, 
J. Amer. Chem. Soc., 1976, 98, 4301. 
17 P. T. Lansbury, Accounts Chem. Res., 1969, 2, 210. 
la W. C. Agosta, J. Amer. Chem. Soc., 1967, 89, 3505, 3926. 
" H. C. Lacey and K. L. Erickson, Tetrahedron, 1973, 29, 4025. 
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barrier that would be associated with the interconversion 
of conformational diastereoisomers, if indeed two such 
isomers are formed. 
The nine-membered ring ene-amine (8) was found to 
undergo transannular reactions in two separate experi-
ments. (i) Treatment of an ethanolic solution of (8) 
with hydroiodic acid at room temperature for 2 h gave a 
methiodide (9a) which afforded an 'H n.m.r. spectrum 
in trifluoroacetic acid identical with that previously 
obtained 4  for one of the methobromides (9b). (ii) When 
(8) was refluxed in aqueous methanol for 2 h, the 'H 
n.m.r. spectrum of the residue in trifluoroacetic acid 
indicated that (8) had been completely converted into 
the bicyclic ammonium hydroxide/methoxide (9c/d). 
In contrast with the eleven-membered ring ene-amine (5), 
no reaction occurred in aqueous methanol at room tern- 
perature. Thus, although the nine-membered ring ene-
amine (8) undergoes transannular reactions (Figure 4) 
more vigorous conditions are required than in the case 
of the eleven-membered ring ene-amine (5). This result 
is entirely in accord with expectation. Molecular models 
indicate (Figure 5) that transition states for transannular 
reactions developing out of the boat conformation (16) 
of the nine-membered ring ene-amine (8) are not as 
favourable as those for transannular reactions developing 
out of the boat conformation (17) of the eleven-membered 
ring ene-amine (5). 
We acknowledge financial support (to J. S. S.) from the 
State Scholarship Foundation of the Government of Greece 
and an S.R.C. Research Studentship (to D. J. B.). 
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Conformational Behaviour of Medium-sized Rings. Part 6.' 5,6,11,12,-
17,18- Hexahydrotribenzo{a,e,i]cyclododecene and its 2,3,8,9,14,15- and 
1,4,7,10,13,1 6-Hexamethyl Derivatives. 2,3,8,9- and 1,4,7,10-Tetra-
methyl - 5,6,1 1,1 2-tetrahyd rod ibenzo[a,e]cyclo-octene 
By David J. Brickwood, W. David 011is.' Julia Stephanidou Stephanatou, and J. Fraser Stoddart, 
Department of Chemistry, The University, Sheffield S3 7HF 
The temperature dependences of (i) the broad-band decoupled ' 3 C n.m.r. spectrum of 5.6,11.12.17.1 8-hexahydro-
tribenzo[a.e.i]cyclododecene (1) and (ii) the 'H n.m.r. spectra of its 2.3,8,9,14,15- (2) and 1,4,7,10,13,16- (3) 
hexamethyl derivatives have been interpreted in terms of ring inversion between enantiomeric C 2 conformations. 
Conformational analysis on these molecules has been carried out with the aid of strain energy calculations on 
selected conformations of the parent hydrocarbon (1) and its 1,4,7,1 0.1 3.1 6-hexamethyl derivative (3). Useful 
correlations between calculated and experimental thermodynamic parameters were found. The temperature 
dependences of the 'H n.m.r. spectra of the 2,3,8.9- (15) and 1.4.7,10- (16) tetramethyl derivatives of 5,6,11.12-  
tetra hydrodibenzo(a,e)cyclo-octene (14) have been interpreted in terms of interconversion of chair- and boat-like 
conformations. Strain energy calculations on selected conformations of the 1,4,7,10- tetra methyl derivative (14) 
have led to useful correlations between calculated and experimental thermodynamic parameters. 
THE conformational properties of the hexahydro-
tribenzocyclododecene (1) were first discussed in a 
prescient publication in 1945 by Baker, Banks. Lyon, 
and Mann. 2 Inspection of molecular models led these 
authors to consider the four conformations (la—d) 
shown in Figure 1 as possible forms for the molecule 
in the crystalline state. A preliminary X-ray study 
indicated that the occurrence of conformations (la) and 
(Id), with trigonal symmetry, in the crystal was im-
probable, without providing any information concerning 
the relative merits of conformations (I b) and (ic). It is 
significant that several years before the wide recognition 
of conformational analysis as a stereochemical discipline, 3 
Part 5, D. J. Brickwood, A. M. Hassan, W. D. 011is, J. S. 
Stephanatou, and J. F. Stoddart, preceding paper. 
W. Baker, R. Banks, D. R. Lyon, and F. G. Mann, J. Chem. 
Soc., 1945, 27. 
a D. H. R. Barton. Experientia, 1950, 6, 316; Topics Stereo-
cheni., 1971, 6, 1; 0. Hassel, Tidsskr. Kjemi Bergvesen og Metal-
lurgi, 1943, 3 [5], 32; Topics Stereochem., 1971, 6. 11.  
the ready interconversion of conformations (la)—(ld) 
was seen to involve only those changes in stereochemistry 
commonly described nowadays as torsional processes. 
Hexahydrotribenzocyclododecene (1) is the parent 
hydrocarbon of a series of twelve-membered ring systems 
which include the trisalicylide derivatives (4)—(6). The 
recognition 4  that tri-3,6-dimethylsalicylide (4), tri-o-
thymotide (5), and tri-o-carvocrotide (6) all exist in 
solution in diastereoisomeric propeller and helical 
conformations encouraged us in 1972 to examine the 
conformational behaviour of the hydrocarbon (1) and its 
hexametityl derivatives (2) and (3) in solution. 
In 1945, Baker et aL 2 reported the synthesis of the 
hexahydrotribenzocyciododecene (1) from o-xylylene 
dibromide with sodium in (i) dioxan and (ii) ether 
W. D. 011js and 1. 0. Sutherland, Chem. Comm., 1966, 402; 
A. P. Downing, W. D. 011is. and 1.0. Sutherland, ibid., 1967, 171; 
A. P. Downing, W. D. 011is, 1. 0. Sutherland, J. Mason, and S. F. 
Mason, ibid., 1968, 329; A. P. Downing, W. D. 011is, and I. 0. 
Sutherland, J. Chem. Soc. (B), 1970, 24. 
x i ..:.:  
(IC) 	 (id) 
FIGURE 1 Reproductions of the photographs of molecular 
models shown in ref. 2 for four 'strainless phases' (la-d) of 
hexahydrotribenzocyclododecene (I); (la) with C,,, symmetry, 





(I) R 1 = R2 = H 
(2 ) R 	H, R 2 Me 





R'5 ° X 
,..-R2 	0 
(4 ) R1 = R2 = Me 
( 5 ) R 1  = Me, R 2  = CHMe2 
( 6 ) R' = CHMe2,R2 = Me 
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containing small amounts of ethyl acetate. In our 
hands, a Wurtz reaction employing the solvent condi- 
tions in (ii) gave a low yield of the hydrocarbon (1) 
(Ia) 	 (ib)  
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(i) a Diels-Alder cycloaddition 15 between 2.3-dimethyl-
buta-1,3-diene and diethyl acetylenedicarboxylate to 
give diethyl 4,5-dimethylcyclohexa1 ,4-diene-1 ,2-dicarb-
oxylate (17) together with small amounts of the 
aromatic oxidation product (18), (ii) oxidation of (17) 
with 2-chloro-2-nitropropane 16 in methanolic sodium 
methoxide to the known 16 dimethyl diester (19), (iii) 
reduction of (19) with lithium aluminium hydride to the 
diol (20), and finally (iv) treatment of (20) with phos-
phorus tribromide. 
The 14.7.10,13,16-hexamethy1 derivative (3) of (1) and 
the 1,4,7,10-tetramethyl derivative (16) of (14) were 
obtained together with the acyclic hydrocarbons (9) 
and (12) and l,2,3,4-tetramethylbenzene (26) by a 
Wurtz reaction on the dibromide (25) in ether-ethyl 
R2 
together with small amounts of the acyclic hydrocarbons 
(7), (10), and (13). This reaction has been the subject of 
several investigations 58 and the yield of the tribenzo-
cyclododecene (1) has been improved 5.8,8 (i) by varying 
the relative concentrations of the reactants and (ii) by 
incorporating tetraphenylethylene as catalyst. 5 ' 6 Tetra-
hydrodiberizocyclooctene (14) 2,514 was obtained as the 
major product in 45% yield along with 16% of the 
tribenzocyclododecene (1) and small amounts of o-
ditolylethane (7) when we carried out the \Vurtz reaction 
in tetrahydrofuran in the presence of tetraphenylethylene 
(cf. ref. 6). 
The 238.9,14,15-hexamethyl derivative (2) of (1) and 
the 2.3,8,9-tetramethyl derivative (15) of (14) were 
obtained together with the acyclic hydrocarbons (8) 
and (11) by a tetraphenylethylenecatalysed Wurtz 
reaction on the dibromide (21) in tetrahydrofuran. The 
dibromide (21) was synthesized by a route involving 
' F. Vogtle and P. Neuman, Angew. Chem. Internal. Edn., 
1972, 11, 73; Synthesis, 1973, 85. 
E. Muller and G. Rdscheisen, Chem. Ber., 1957, 90, 543. 
H. A. Staab, F. Graf, and B. Junge, Tetrahedron Letters, 
1968, 743. 
$ A. C. Cope and S. W. Fenton, J. Amer. Chem. Soc., 1951, 73, 1668. 
' E. W. Randall and L. E. Sutton, J. Chem. Soc., 1958, 1268. 10 Part 1, R. Crossley, A. P. Downing, M. Nogradi, A. Braga de 
Oliveira, W. D. 011is, and I. 0. Sutherland, J.C.S. Perkin 1, 1973, 205. 
" W. D. Ohs, J. F. Stoddart, and I. 0. Sutherland, Tetra-hedron, 1974, 30, 1903.  
acetate. The synthesis of the dibromide (25) was based 
on known procedures 17,18 involving (i) a Diels-Alder 
condensation 17 between 2,5-dimetliylfuran and maleic 
Montecalvo, M. St-Jacques, and R. Wasylishen, J. Amer. Chem. Soc., 1973, 95, 2023. 
" F. Saur,ol-Lord and M. St-Jacques, Canad. J. Chem., 1975, 53, 3768. 
" N. L. Allinger and J. T. Sprague, Tetrahedron, 1975, 31, 21; 
R. R. Fraser, M. A. Raza, R. N. Renaud, and B. B. Layton, 
Canad. J. Chem., 1975, 53, 167. 
12 V. F. Kuckcrov, N. V. Grigor'eva, and 1. 1. Zemskova, Zhur. obshchej Khipn., 1961, 31, 447 (Chem. Abs., 1961, 55, 22173f). 
E. Druckrey, M. Arguelles, and H. Prinzbach, Chimia (Swilz.), 1966, 20, 432; G. Kaupp, ibid., 1971, 25, 230. 
17 M. S. Newman and B. T. Lord, J. Amer. Chem. Soc., 1944, 66,733. 
Buchta and G. Loew, Annalen, 1955, 597, 123. 
-- 
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anhydride to give the adduct (22), (ii) acid-catalysed 
dehydration of (22) to yield 3,6-dimethylphthalic 
11 
R/ -1 R2 
JMe 	MeL.JR3 
R 4 	 R4 
(7) R 1 = R l = R 3 : R 4 H 
( 8 ) R 1 = R 4 : H, R.2 = R 3 : Me 
• 	 (9) R 1 = R"= Me, R2 = R 3 Me 
R1 







R1 rR 2 rR3 =R 4 =R5 = R6 = H 
RR4 R 5 :Me,R2 R 3 R6 ,H 
R' = R 4 = R5 H,R 2 R 3: R 6 : Me 
 
R2I 	 ]IOa 	12 	R2 
R2LjLQ 6aLR2 
R1 = R2 = H 
R' = H. R2 Me 
R1  = Me,R2 = H 
anhydride (23), (iii) reduction 18  of (23) with lithium 
aluminium hydride to the diol (24), and finally (iv) treat-
ment 18  of (24) with phosphorus tribromide. 
In this paper, results of studies on the conformational 
1 9 N. L. Allinger, M. T. Tribble, M. A. Miller, and D. H. Wertz, 
J. Amer. Chem. Soc., 1971, 93, 1637; for a recent review, see 
N. L. Allinger, Ado. Phys. Org . Chem., 1976, 18, 1. 
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behaviour of the twelve-membered ring hydrocarbon (1) 
and its 1,4,7,10,13,16-hexamethyl derivative (3) in 
solution by dynamic 13i, and 'H n.m.r. spectroscopy are 
compared with the conclusions reached on the basis of 
strain energy calculations." , 19 In this way, the influence 
on the conformational behaviour of aromatic methyl 
substituents in the orllio-positions with respect to the 
twelve-membered ring can be assessed. In the 2,3,8,-
9,14,15-hexamethyl derivative (2) the methyl sub-
stituents occupy simultaneously mesa- and Para-positions 
on the benzene rings relative to the twelve-membered 
ring. Since it has hydrogen atoms in all six ortho-
positions, and since it contains good 'H n.m.r. probes in 
the form of the aromatic protons and methyl protons, 
R1 
Me/"CO2 Et R 2r 7'X 
Me1L, jiCOzEt R 2L.,JiX 
 R1 
R 1 	H, R 2 = Me, X = CO 2 Et 
Me 	0 R 1 H.R 2 Me,X 	=CO2Me 
R' = H, R 2 : Me,X = CH2OH 
R 1 =H,R 2 = Me,X 	=CH 2 6r 
(24) R 1 = Me,R 2 = H,X 	CH20H 





Me c5 0  
Me 	 Me 
0 
(23) 	 (26) 
the hydrocarbon (2) may be considered as an ideal model 
for the parent hydrocarbon (1). This means that a 
comparison is possible between the results obtained in 
solution by dynamic 13C n.m.r. spectroscopy with the 
parent hydrocarbon (1) and by dynamic 1H n.rn.r. 
spectroscopy with the 2,3,8,9,14, 15-hexamethyl deriv-
ative (2). Part of this investigation has been the subject 
of a preliminary communication 20 and has also been 
discussed briefly in a recent review 11 on the conform-
ational behaviour of some medium-sized ring systems. 
Finally, the availability from the syntheses of (2) and (3) 
of the 2,3,8,9- (15) and 1,4,7,10- (16) tetramethyl deriv-
atives of tctrahydrodibenzocyclo-octene (14) has 
prompted us to examine the conformational properties 
of these '6,8,6 ' systems in solution and compare our 
results with those in the literature 10-14  for (14). In 
particular, the 2,3,8,9-tetramethyl derivative (15), with 
its four ortho-hydrogen atoms on the benzene rings and 
its good 'H n.m.r. probes in the form of the aromatic 
protons and methyl protons, may be regarded as a 
suitable model for the parent hydrocarbon (14). 
20 D. J. Brickwood, W. D. Ohs, and J. F. Stoddart, J.C.S. 
Chem. Comm., 1873, 638. 
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EXPERIMENTAL 
Apart from 'C n.m.r. spectroscopy, the general methods 
are described in Part 3*1 Broad-band decoupled 13c n.m.r. 
spectra were recorded on a JEOL SP 100 spectrometer with 
dichlorodideuterjomethane as ' lock and tetramethylsilane 
as internal standard. 
Reaction between Sodium and o-Xylylene Dibronzide (with 
T. J. GRANT) . 2—Sodium wire (35.4 g) was added to a solution 
of o-xylylene dibromide (93.4g) in dry ether (600 ml) and the 
mixture was heated under reflux for 24 h. Additions of 
ethyl acetate (2 ml) were made initially, and at the end of 5, 
15, and 20 h. After the reaction was complete, the resulting 
amorphous solid was removed by filtration. Evaporation 
of the filtrate gave an oily residue which was separated into 
four fractions by fractional distillation. Fraction 1 had 
b.p. 50-56° at 20 mmHg, fraction 2 b.p. 80-140° at 0.1 
mmHg, fraction 3 b.p. 140-210° at 0.1 mmHg, and 
fraction 4 b.p. 210-260 at 0.1 mmHg. Fraction 1 crystal-
Used from ethanol as needles of o-ditolylethane (7) (0.11 g. 
1%), m.p. 65° (lit., 2 65-66°), M 210, ¶(CDC1,) 2.90 (8 H, S. 
aromatic), 7.18 (4 H, s, CH 2CH2), and 7.72 (6 H, s, 2 x Me). 
Fraction 2 was purified by distillation to give 1,2-bis-(o-
nethylph.enethyl)benzene (10) (0.25 g, 1%), b.p. 210° at 
0.5 mmHg [Found: C, 92.1; H, 8.25%; M (mass 
spec.). 314. C 28H28 requires C, 91.7; H, 8.3%; M, 3141, 
'r(CDC1 3) 2.74-2.96 (12 H, m, aromatic), 7.15 (8 H, s, 
2 x CH3CH 2), and 7.74 (6 H, s, 2 x Me). Column chro-
matography of fraction 3 on silica gel using benzene-light 
petroleum (b.p. 60-80°) (1:1) as eluant yielded 5,6,11,12,-
17,1 8-hexahydrotribenzo[a,e,i]cyclododecene (1) (0.022 g, 
0.1%), m.p. 189 1  (lit., 2 184.5°), ]f 4 312, T(CDC13) 2.60-2.92 
(12 H, m, aromatic) and 6.97 (12 H, s, 3 x CH 2CH 2). 
Fraction 4 crystallised from ethanol to yield 2,2'-bis-(o-
methylphenethyl)czz'-bibenzyl (13) (0.023 g, 0.1%), m.p. 
69° [Found: C, 90.9; H, 7.95%; M (mass spec.), 418. 
C81H34 requires C, 91.9; H. 8.14%, M. 418], ¶(CDC13 ) 
2.76-2.98 (16 H, m, aromatic), 7.12 (4 H, s, bibenzyl 
CH2CH1), 7.17 (8 H, s, other CH 2CH2), and 7.76 (6 H. s, 
2 X Me). 
The reaction was also carried out in dry tetrahydrofuran 
with tetraphenylethylene as catalyst. 8  Column chromato-
graphy on silica gel using benzene-light petroleum (b.p. 
60-80°) (15: 1) as eluant gave 5,6,11,12-tetrahydrodi-
benzo[a,e]cyclo-octene (14) (45%), m.p. 109-111 1 (lit.,6 
110-112°) in addition to o-ditolylethane (7) (2%) and 
5,6,11,12,17,1 8-hexahydrotribenzo[a,e,j]cyclododecene (1) 
(16%). 
Diethyl 4, 5-Dimethylcyclohexa- 1 ,4-diene- I, 2-dicarboxylate 
(17). 16_2,  3-Dimethylbuta- 1, 3-diene (820 mg) and diethyl 
acetylenedicarboxylate (1.7 g) were heated in an autoclave 
at 120 °C for 6 h. T.l.c. indicated that two products were 
formed. They were separated by column chromatography 
on silica gel using light petroleum (b.p. 60-80°)-ethyl 
acetate (8: 1) as eluant. Fraction I corresponded to the 
diene (17) (2.05 g, 81%), M 252, r(CDC13) 5.78 (4 H, q, 
J 7.8 Hz, 2 x CO 2CH 2CH3), 7.10 (4 H, s, methylene pro-
tons), 8.35 (6 H, s, 2 x Me), and 8.71 (6 H, t, J 7.8 Hz, 
2 x CO2CH8CH3). Fraction 2 was characterised as di-
ethyl 4, 5-dimethylbenzene- 1, 2-dicarboxylate (18) (190 mg, 
8%), M 250, T(CDC13 ) 2.55 (2 H, s, aromatic), 5.69 (4 H, 
q, J 7.5 Hz, 2 x C0 8CH2CH3), 7.72 (6 H, s, 2 x Me), and 
8.68 (6 H, t, J 7.5 Hz, 2 x CO2CH 2 CH3). 
The same products were obtained when 2,3-dimethylbuta-
1,3-diene (820 mg) and diethyl acetylenedicarboxylate 
(1.7 g) were heated under reflux in ethanol (15 ml) for 24 h. 
Dimethyl 4, 5-Dimethylbenzene- 1 ,2-dicarboxylate (19) .'°-
The diene diester (17) (8.0 g) was added to M-Sodium 
methoxide (500 ml) containing 2-chloro-2-nitropropane 
(40 ml) and the mixture was refluxed in nitrogen for 1 h. 
The solution was acidified with hydrochloric acid and then 
excess of acid was destroyed by addition of ethereal diazo-
methane. Extraction with ether yielded the crude product 
as an oil. Crystallisation from methanol gave the diester 
(19) (7.2 g, 92%), m.p. 54-55° (lit., 16 56°). 
1, 2-Bishydroxymeihyl-4, 5-dinzethylbenzene (20) .—The di-
ester (19) (1.3 g) was refluxed for 6 h with lithium aluminium 
hydride (650 mg) in dry ether (40 ml). The excess of 
hydride was destroyed by addition of moist ether followed 
by water. The mixture was filtered and the residual solid 
was washed thoroughly with dilute hydrochloric acid and 
then with water. The combined filtrates were extracted 
with ether, and the ethereal layer was dried (Na,SO 4 ) and 
evaporated. The crude product was recrystallised from 
light petroleum (b.p. 60.-80°) to give the diol (20) (760 mg, 
88%), m.p. 95-98° [Found: C, 72.5; H, 8.8%; M (mass 
spec.), 166. C, 0H 1402 requires C, 72.3; H, 8.5%; M, 166], 
T(CDCI 3) 2.94 (2 H, s, aromatic), 5.41 (4 H, s, 2 x CH2OH), 
6.58 (2 H, br s, 2 x OH), and 7.87 (6 H, s, 2 x Me). 
1, 2-Bisbromornethyl-4,5-dimetJylbenzene (21).—Phosphor-
us tribromide (4.2 ml) in dry ether (56 ml) was added drop.. 
wise with stirring to the diol (20) (3.5 g) dissolved in dry 
benzene (40 ml) and dry ether (40 ml). The mixture was 
stirred for 2 h and then poured into water (160 ml). The 
organic layer was washed with 10 0/10  sodium hydrogen 
carbonate solution (2 x 25 ml) and then with water (2 x 40 
ml), then dried (NaSO 4) and evaporated. Recrystallis-
ation of the residue from ethanol gave the dibromid.e (21) 
(5.6 g, 92%), m.p. 113-116° (decomp.) [Found: C, 41.1; 
H, 4.3; Br, 54.5%; M (mass spec.), 290. C 10H 12Br2 
requires C, 41.1; H, 4.1; Br, 54.8%; M, 290], T(CDCI3 ) 
2.89 (2 H, s, aromatic), 5.40 (4 H, s, 2 x CH 8Br), and 7.79 
(6 H. s, 2 x Me). 
Reaction between Sodium and the Dibromide (21)—A 
solution of the dibromide (21) (4.5 g) in dry tetrahydrofuran 
(20 ml) was added with stirring during 10 h to sodium (1.5 g) 
and tetraphenylethylene (260 mg) in dry tetrahydrofuran 
(30 ml) cooled to —80 °C in acetone-solid CO 2 . After the 
reaction was complete moist ether was added followed by 
water. Separation of the organic layer was followed by 
further extraction with chloroform; the material from the 
organic solutions was subjected to column chromatography 
on silica gel using benzene-light petroleum (b.p. 60-80°) 
(1 : 30) as eluant to give four components. Component 1 
was recrystallised from ether-ethanol to afford bis-(2,4,5-
trimethylphenyl)ethane (8) (96 mg, 5%), m.p. 136-137° 
[Found: M (mass spec.), 266.203 4. C 20H28 requires M, 
266.203 5], T(CDC1 3) 3.03 and 3.06 (4 H, two equal intensity 
singlets, aromatic), 7.24 (4 H, s, CH,CH,), and 7.72 and 
7.78 (18 H, 2 x s, 6 x Me). Component 2 was recrystal-
used from chloroform-ethanol to give 2,3,8, 9-tetra methyl-
5,6,11, 12-tetrahydrodibenzo[a,e]cyclo-octene (15) (225 mg, 
11%), m.p. 246-248°, [Found: M (mass spec.), 264.187 2. 
C20H,4 requires M, 264.187 9], r(CDC1 3-CS,), 3.31 (4 H, s, 
aromatic). 7.09 (8 H, s, 2 x CH 2CH 2), and 7.91 (12 H, s, 
4 x Me). Component 3 was characterised after recrystal-
lisation from ether-ethanol as 1,2-dimethy1-4,5-bis-(2,4,5.. 
trimethylphenethyl)benzene (11) ( 136 mg, 6%), m.p. 139-
140.5° [Found: M (mass spec.), 398.296 6. C 301-1 38 requires 
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M, 398.297 3], (CDCl0) 3.01, 3.08, and 3.09 (8 H, 3 equal 
intensity singiets, aromatic), 7.22 (8 H, S. 2 x CHCH5), 
and 7.74, 7.77, and 7.81 (24K 3 x s, 8 x Mc). Component 
4 was recrystallised from chloroform-ethanol to afford 
needles of 2,3,8,9,14, 15-haxamethy-5,6, 11,12,17,1 8-hexa-
hydrot?ibenzo[a,e,i]cyclododecene (2) (242 mg, 11%), m.p. 
>310° [Found: M (mass spec.), 396.280 1. CH requires 
M, 3.98.281 7], (CDCla) 2.93 (6 H, s, aromatic), 7.07 (12 H, 
s, 3 x CH5CH). and 7.76 (18 H, s, 6 x Me). 
Diets-Alder Adduct (22) of 2,5-Dimethylfuran and Maleic 
Anhydride. 17-2,5-Dimethylfuran (500 ml) was added drop-
wise with vigorous stirring during 1 h to maleic anhydride 
(44 g) in dry ether (100 ml). Stirring was continued for 18 h 
and then the crystalline product was collected. The filtrate 
was cooled in an ice-bath for 2 h to yield additional product. 
The yellow crystalline adduct (22) (54.5 g, 66%) had m.p. 
70-720 (lit., 17 59-.--63 °), M 194, 'r[(CD 3) 2C0] 3.59 (2 H, s, 
olefinic), 6.65 (2 H, s, methine), and 8.35 (6 H, s, 2 x Me). 
3,6-Ditnethylphthalic Anhydride (23) .' 7-The Diels-Alder 
adduct (22) (54 g) was added in portions to a rapidly stirred 
solution of 90% sulphuric acid (600 ml) maintained between 
0 and -6 °C. Stirring was continued for 1 h at 0 °C and 
then the temperature was allowed to rise to + 10 °C. The 
mixture was then poured onto ice (1.5 kg) and the pre-
cipitate was collected, washed with ice-water, and dissolved 
in water (800 ml) containing sodium hydroxide (40 g). 
Upon addition of glacial acetic acid (150 ml) a small quan-
tity of 2,5-.dimethylbenzoic acid (m.p. 132-134°; lit.,' 
132-134°) was obtained. Crude 3,6-dimethylphthalic 
anhydride was isolated from the filtrate by adding 5N-
hydrochloric acid until the solution was acidic. Re-
crystallisation from benzene gave the pure anhydride (23) 
(34.5 g, 71%), m.p. 140-141' (lit.,' 142-143°), M 176, 
T[(CDCO] 2.30 (2 H, s, aromatic) and 7.40 (6 H, s, 2 x Me). 
I ,2-Bishydroxymelhyl-3 . 6-dimethylbenzene (24). '-3, 6-Di-
methylphthalic anhydride (23) (30 g) was extracted (Soxh-
let) into refiuxing dry ether (900 ml) containing lithium 
aluminium hydride (15 g). Heating under reflux was 
continued for 28 h and then excess of hydride was destroyed 
by addition of moist ether followed by water. The mixture 
was filtered and the residual solid was washed thoroughly 
with dilute hydrochloric acid and then with water. The 
combined filtrates were extracted with ether; the ethereal 
layer was dried (Na,SO 4) and evaporated. The crude 
product was recrystallised from light petroleum (b.p. 60-
80 °C) to give needles of the diol (24) (25.2 g, 87%), m.p. 
69__700 (lit., 1 8 700), M 166, (CDCl3) 2.95 (2 H, s, aromatic), 
5.35 (4 H, br s, 2 x CH2011), 6.10 (2 H, br s, 2 x OH), 
and 7.68 (6 H, s, 2 x Me). 
1 ,2-Bisbromo,net hyl-3 , 6-dimethylbenzene 	(25). ' 8-Phos- 
phorus tribromide (30 ml) in dry ether (400 ml) was added 
dropwise with stirring o the diol (24) (25 g) dissolved in 
benzene (250 ml) and dry ether (250 ml). The mixture was 
stirred for 16 h, and then poured into water (1 1). The 
organic layer was washed with 10% sodium hydrogen 
carbonate solution (2 x 150 ml) and then with water 
(2 x 150 ml); dried (Na,SO 4), and evaporated to yield a 
crystalline residue. Recrystallisation from ethanol gave 
the dibromide (25) (36 g, 94%), m.p. 101_1020  (lit., 18 
100°), M 290, (CDC13) 2.90 (2 H, s, aromatic), 5.30 (4 H, 
s, 2 x CH,Br), and 7.65 (6 H, s, 2 x Me). 
* The program numbers (1-111) established in Part 3" are 
adhered to in this paper, and together with the additional 
programs (IV and V) described here, these programs will form the 
basis of a collection for reference in future Parts of this series. 
Reaction between Sodium and the Dibromide (25).—Sodium 
wire (5.35 g) was added to a solution of the dibromide (25) 
(14 g) in dry ether (100 ml) and the mixture was heated 
under reflux for 24 h. Additions of ethyl acetate (2 ml) 
were made initially and at the end of 5, 10, and 20 Ii. After 
the reaction was complete, the inorganic material was 
removed by filtration. Evaporation of the filtrate gave an 
oily residue which was separated by fractional distillation 
at S mmHg. Fraction 1 (0.89 g) had b.p. 64-88 ° and 
fraction 2 (1.7 g) b.p. 90-220 ° . Fraction 1 was redistilled 
at 4.5 mmHg to give 1,2,3,4-tetramnethylbenzene (26) 
(370 mg, 6%), b.p. 78-.-80 0 at 4.5 mmHg (lit., 17 78.5-80.5° 
at 10 mmHg). Fraction 2 was subjected to column 
chromatography on silica gel using benzene-light petroleum 
(b.p. 60-80 °C) (1:19) as eluant to give four crystalline 
components. Component 1 was recrystallised from light 
petroleum (b.p. 40-60 °) to give bis-(2,3,6-trimethylhenyl)-
ethane (9) (110 mg, 9%), m.p. 97-100° [Found: M (mass 
spec.), 266.203 8. C,,H,, requires M, 266.203 4], r(CDCl,) 
3.09 (4 H, s, aromatic), 7.17 (4 H, s, CH,CH,), and 7.66, 
7.72, and 7.75 (18 H, 3 equal intensity singlets, 6 x Me). 
Component 2 was recrystallised from light petroleum (b.p. 
60-80 °C) to give 1,4,7, l0-tetratnet hyl-5 , 6,11,1 2-tetrahydro-
dibenzo[a,e]cyclo-octene (16) (45 mg, 4%), m.p. 128-130° 
[Found: M (mass spec.), 264.187 7. requires M, 
284.187 9], T(CDC1 3) 3.29 (4 H, s, aromatic), 6.91 (8 H, 5, 
2 x CH2CH 2), and 7.76 (12 H, s, 4 x Me). Component 3 
was recrystallised from light petroleum (b.p. 80-80 °C) 
to give 1, 2-dirnethyl-3 , 6-bis-(2, 3, 6-trimethylphenylethyl)bcn-
zene (12) (63 mg, 30 0 ), m.p. 166-168° [Found: M (mass 
spec.), 398.296 1. C30H3, requires M, 398.297 3] (CDCl,) 
3.20-3.24 (6 H, m, aromatic), 7.16 (8 H, s, 2 x CH,CH,), 
and 7.73, 7.78, 7.83, and 7.88 (24 H, 4 equal intensity 
singlets, 8 x Me). Component 4 was recrystallised from 
benzene-light petroleum (b.p. 60-80 °C) to give 1,4,7,10,-
13,1 6-hexam.et hyl-5 ,6, 11,12,17,1 8-hexahydrolribenzo[a,e,i]-
cyclododecene (3) (4 mg, <1%), m.p. >290 ° [Found: M 
(mass spec.), 396.280 7. C,,H,, requires M, 396.281 7], 
'(CDC1 3) 2.95-3.05 (6 H, m, aromatic), 6.70-7.10 (12 H, 
m, 3 x CH,CH.), and 7.42, 7.50, and 7.54 (18 H, 3 equal 
intensity signals. 6 x Me). 
Determination of Rates of Conformational Changes by 
Dynamic 'H and 13C N.m.,'. Spectroscopy.-The methods 
used are fully described in Parts 1-4. 10, 21-13  The computer 
programs (coded in FORTRAN IV) used to generate the 
theoretical line-shapes are now described for the general 
methods I-Ill. 
Method I. A program (I) ° for exchange of nuclei be-
tween two equally or unequally populated sites, A and B, 
with no mutual coupling. The aromatic protons of eight-
membered ring compounds (15) and (16) both gave two 
singlet signals of unequal intensities at low temperatures and 
so spectral line-shapes were simulated using this program. 
Calculated and observed spectra are shown in Figures 2 
and 3 for compounds (15) and (16), respectively. The 
methyl protons of compounds (15) and (16) both gave two 
singlets at low temperatures as well. In the case of com-
pound (16), spectral line-shapes were also simulated using 
this program. Calculated and observed spectra are shown 
in Figure 3. 
Method II. A program (IV) t for exchange of nuclei 
22 Part 2, R. P. Gellatly, W. D. Ohs, and I. 0. Sutherland, 
J.C.S. Perkin 1, 1976, 913. 
" Part 4, D. J. Brickwood, W. D. Ohs, and J. F. Stoddart, 




between three equally or unequally populated sites, A, B, 
and C, with no mutual coupling. The modified form of the 
Bloch equations introduced by McConnell H  can be ex-
tended" to cases involving exchange between more than 
two sites with no mutual coupling. For a j site problem, 
the general equation (1) may be written for the complex 
magnetic moment G1 of the jth site. The assumption is 
made that all spectra were recorded under steady-state 
conditions so that all the time derivatives of the complex 
magnetic moments may be set to zero. 24 ' 26 
- 1 (k 1jG1 - k11G1) = —iyH 1 M0P (1) 
where 	 aej = T 2 1 - I(cj 	 (2) 
o is the observing frequency and is therefore that of the 
rotational frequency 1: of the applied field H 1 , caj is the 
Larmor frequency I corresponding to the jth site, T2 is the 
A 	 B 
wJJ  
't 298 	 -3.34  
SITE computer program. Values for site frequencies, 
j, populations, Pj, and relaxation times, T 2j were obtained 
initially from chemical shifts, relative intensities, and half-
height peak widths for the singlet signals A, B, and C in the 
low temperature spectra. The absorption intensity at 
frequency co is proportional to the imaginary part of GA + 
GB + G0. The solutions to equations (3)—(5) for a range 
of values for o which cover the appropriate region of the 
spectrum give line-shapes for selected input values of the 
rate constants, kAB  etc. All three twelve-membered ring 
compounds (1)—(3) exhibited low temperature spectra 
consistent with a conformation which renders constitution-
ally identical atoms and groups in these compounds di-
astereotopic. Thus, the methyl protons of compound (3) 
give rise to three singlet signals at room temperature and 
below. The spectral line-shapes associated with the high 
temperature spectra were simulated (see Figure 4) using this 
AB 
/ 
(a) -52 °C --------- 
(b)-51 0C --------.---- 	 ...---.--. ------ 
(d)-67 °C 
A 	 B 
I 	
I.' (e)-71 ° C 
------ 
 
r 298 	 3.34 
FIGURE 2 Observed (full line) and computed (broken line) spectra of the aromatic protons of 2,3.8,9-tetramethyl-5,6,ll,12 -tetra . 
hydrodibenzo[a.e]cyclo-octene (15): (a) at —52 °C, kAB 215 s', PA  0. 6, pB 0.4; (b) at —57 °C, kAB 126 s'. PA  0. 6, PB  0.4; (c) at —62 
°C, AAB  68 s_i, PA 0.6,  PB  0.4; (d) at —67 °C, kAB 34 s_i, PA 0.6, pB 0.4; (e) at —71 °C, h-4,B  15 s_i, PA  0.6,  Pa 0.4 
transverse relaxation time of nuclei in the jth site, p, is the 
population of site j expressed as a mole fraction, M, is 
the nuclear magnetic moment per unit volume, y  is the gyro-
magnetic ratio for the nucleus under investigation and 
etc. is the rate constant for exchange from site 1 to site j etc. 
For an exchange process between three sites A, B, and C 
with no mutual coupling, the complex simultaneous 
equations (3)—(5) can be derived from the general equation 
(1) as follows: 
GA(A + k + kAc) + GB( — knA) + Gc(—RcA) 
= —ViH 1MOPA (3) 
GA(—kAB) + GB(B + kBA + kBC) + Gc(—kco) 
= —IYH 1 MOPB (4) 
GA(—kAc) + GB(—kBc) + G0(j + kCA + kca) 
= —iyH jM 0pc (5) 
These equations were solved for the complex magnetic 
moments GA, G, and G0 by use of a MASTER THREE 
• Angular frequency units (radians si)  are used for all 
frequencies in these equations. 
We thank Professor 1. 0. Sutherland for a copy of his program. 
24 H. M. McConnell, J. Chem. Phys., 1958, 28, 430.  
program. Compound (2) exhibited low temperature spec-
tral dependence for its aromatic protons whilst the quater-
nary aromatic carbons and hismethylene carbons of com-
pound (1) each gave rise to three singlets at low temper-
atures in its broad-band decoupled 13C n.m.r. spectrum (see 
Figure 5). In all cases, spectral line shapes were simulated 
using this program. Calculated and observed spectra are 
shown in Figures 6-8. 
Method III. A program (V) t for exchange of nuclei 
between four equally or unequally populated sites A, B, C, 
and D with no mutual coupling. This computer program 
(MASTER FOUR SITE) was written to solve the four 
complex simultaneous equations which can be derived from 
the general equation (I) in an analogous manner to that 
described in method II. The problem has already been 
discussed by us at some length in our publications 4 on the 
conformational behaviour of the trisalicylide derivatives 
(4)—(6). This program was used to simulate the spectral 
" C. S. Johnson, Adv. Magnetic Resonance, 1965, 1, 33. 
26 L. W. Reeves, Adv. Phys. Org . Chem., 1965, 8, 187; A. 
Allerhand, H. S. Gutowsky, J. Jonas, and R. A. Meinzer, J. 
Amer. Chem. Soc., 1966, 88. 3185. 
ci) 
AB 
'j325 	3, 50 'r 770 	788 
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line-shapes of the methyl protons of compound (3) in order 
to examine the possibility that a small amount of a second 
conformation in a diastereoisomeric mixture was populating 
a fourth site. Calculated spectra are shown in Figure 4 
beside the observed spectra and the spectra calculated using 
Method II assuming only three-site occupancy. 
Strain Energy Calculations.-These were carried out on 
FIGURE 3 Observed (full line) and computed (broken line) 
spectra of (i) the aromatic protons and (ii) the methyl protons 
of 1,4.7,1 0-tetrani ethyl -5, 0,11,1 2-tetrahyd rod i ben zo[a.e]cyclo-
octene (10): (a) at -29 °C, kAB 129 s for (i) kAB 124 s 1 for 
(ii). PA  0.12,  PB 0.88; (b) at -40 °C, k.kB 20 s 1 for (i) and (ii). 
PA 0.12, PB  0.88: (c) at -51 C, kAB 2.0 s' for (i), k.&B 2.2 s' for 
(ii), PA  0.12, PB 0.88; (d) at -61 °C, k Aj3 0.30 s' for (i), kAB 
0.35 s' for (ii), PA  0.12,  PB  0.88 
compounds (1), (3), and (10) using a program * (coded in 
FORTRAN) based upon the procedure reported by Allinger 
et al. 19 Details of the force field employed have been given 
in a recent review." 
RESULTS AND DISCUSSION 
The temperature-dependent n.m.r. spectra and the 
conformational properties of the twelve-membered ring 
compounds (1)-(3) are presented first, and the discus-
sion of the corresponding results for the '6,8,6' systems 
(15) and (16) follows. 
The Temperature-dependent N.rn.r. Spectra and the  
Conformational Properties of 5,6,11,12,17,1 8-Hexahydro-
tribenzo[a,e,i]cyclododecene (1) and its 2,3,8,9,14,15- (2) 
* See footnote on p.  1403.  
and 1,4,7,10,13,16- (3) Hexamethyl Derivatives.-The 
'H n.m.r. spectrum of the hexahydrotribenzocyclo-
dodecene (1) at room temperature in carbon disulphide 
containing a small amount of deuteriochioroform 
showed .(see Table 1) a multiplet for the aromatic protons 
TABLE! 
Temperature-dependent 'SC n.m .r. spectral parameters 
(25.14 MHz) for compound (I) and 'H n.m.r. spectral 
parameters (100 MHz) for compounds (1)-(3) 
Corn- Temp. 
pound 	Solvent ( °C) Group 8( 1 C) or r' 
(1) 	CD 9C19-CS, -104 C6H4 8 140.0 (A), 139.7 (B), 
(2: 1) 139.3 (C), 130.2, 
126.7 
CH9CH1 8 38.2 (A), 36.8 (B), 
36.0 (C) 
+20 C9H4 6 139.9 (ABC), 130.4, 
126.7 
CH2CH, 8 37.4 (ABC) 
(1) 	CS, 6 -90 C6114 'r 2.92 (br,$) 
CH1CH, r 6.64-7.64 (m) 
+21 C9JI r 2.74-3.00 (m) 
- CH5CH9 r 7.07 (s) 
CDC],-CS, -90 C6H9 r 2.82 (s) (A), 2.91 (s) 
(1:1) (BC) 
CH2CH2 r 6.60-7.80 (m) 
CH, 'r 7.74 (br,$) 
+20 C9H9 ' 3.03 (s) (ABC) 
CH1CH1 r 7.15 (s) 
CH, r 7.80 (s) 
CDCI, +20 C911, r 2.95-3.05 (m) 
CH1CH 2 'r 6.70-7.10 (m) 
CH, r 7.42 (s) (A), 7.50 (s) 
(B), 7.54 (s) (C) 
+80 C919 w 3.04 (s) 
CH3CH9 r 6.91 (br,$) 
Cl3 r 7.50 (s) (ABC) 
Sites are designated A, B, and C for the three-site systems. 
Sites that represent three time-averaged signals are designated 
ABC. b Contains a few drops of CDC1 3 . d The chemical shifts 
of the B and C protons are coincident. 
and a singlet for the CH2-CH2 protons which became a 
broad unsymmetrical multiplet at -80 °C indicating the 
presence of a conformation devoid of three-fold sym-
metry. Molecular models suggest that compounds (1)-
(3) could adopt (see Figure 9) two conformations in the 
ground state, one with C2 symmetry (27a) and the other 
with D. symmetry (28a). These two conformations 
(denoted by C2 and D,) are topologically analogous to the 
helical (C,) and propeller (C3) conformations of the 
trisalicylides. 4 Since the C2 conformation (27a) has 
only one C2 axis of symmetry it follows that the CH2 
groups of the two homotopic CH 2CH 2 groups are di-
astereotopic while the CH 2CH 2 group which is bisected 
by the C2 axis contains homotopic CH 2 groups. Thus, 
this conformation (27a; R' = R 2 = H) should give rise 
to two superimposable ABCD systems and one AA'BB' 
system (i.e. an unsymmetrical multiplet) for the C11 2CH2 
protons in the low temperature 'H n.m.r. spectrum of (1). 
The D. conformation (28a; R 1 = R2 = H) has three 
C2 axes and one C, axis of symmetry which render all the 
CH2 groups of the C11 2CH2 groups homotopic. This 
conformation (28a; R' = R 2 = H) should therefore 
give rise to three coincident AA'BB' systems (i.e. a 




n.m.r. spectrum of (1) at low temperatures. One of 
two conclusions can be drawn from the fact that an 
unsymmetrical multiplet is observed for the CH 2CH2 
protons at —SO °C: either (i) compound (1) exists in 
solution entirely in the C2 conformation (27a; R' = 
R2 = H), or (ii) it exists as a mixture of the C5 and D.  
ring and (ii) good 'H n.m.r. probes are potentially present 
in the form of the methyl protons and aromatic protons. 
At +20 °C, the 'H n.m.r. spectrum of compound (2) in 
deuteriochioroform-carbon disulphide (1: 1) consisted 
of three singlets for the aromatic, CH 2CH2 , and aryl-
methyl protons (see Table 1). Interest was centred 
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FIGURE 4 Observed (full line) and computed spectra of the methyl protons of 14,7,10,13,1 6-hexamethyl-5,6, 11,12,17, 18-hexahydro. 
tribenzo[a,e,s]cyclododecene (3) using (i) program IV for exchange of protons among three equally populated sites, A, B, and C (- - - -) 
and (Ii) program V for exchange of protons among three equally populated sites, A, B, and C, and a fourth site D (Po  0.8) coincident 
with C (—' — '—) (in both cases the input values for all the rate constants, k etc. were the same and so they will be referred 
to collectively as k): (a) at +73  °C, A 106s' for (i), A 63 s_i for (ii); (b) at + 56°C,h 16.9s' for(i). A 13 s' for (ii); (c) at + 45 °C, 








conformations, (27a; R' = R 2 = H) and (28a; R' = 
R2 =H). 
In order to obtain a better understanding of the 
conformational behaviour of the hexahydrotribenzo-
cyclododecene (1), the 2,3,8,9,14, 15-hexamethyl deriv-
ative (2) was studied as a suitable model. This com-
pound (2) was chosen for two reasons: (i) the methyl 
groups are sufficiently remote from the twelve-membered 
ring not to influence the conformatioan behaviour of the  
around the signal for the aromatic protons because they 
responded to temperature changes over a shorter range 
than did the signals for the CH 2CH2  and aryl-methyl 
protons. As the temperature was lowered to —O °C 
the singlet for the aromatic protons separated into two 
singlets with relative intensities 1: 2 (see Figure 6). 
Over this temperature range, the signal for the aryl-
methyl protons broadened and the CH 2CH2 signal 
became a broad unsymmetrical multiplet as in the low 
J.C.S. Perkin I 1406 
temperature 'H n.m.r. spectra for compound (1). The 
most obvious interpretation of the low temperature 'H 
reason, the aromatic protons give rise to two singlets 
with relative intensities 1 2 rather than to three singlets 
of equal intensity. 
' Si 
' Si 
FIGURE 5 The broad-band decoupled 'C n.m.r. spectra of 
5,6,11,12,17,1 8hexahydrotribenzo[a,e,s]CYClodOdeCene (1) at 
(a) +20 °C and (b) —104 °C in CD 5C13-CS5  (2: 1); see Table 1 
for chemical shift data 
n.m.r. spectrum of (2) is to assign the two singlets in the 
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FIGURE 0 Observed (full line) and computed (broken line) 
spectra of the aromatic protons of 2,3,8,9.14,15-hexamethyl-
5,6,11,12,17, 18hexahydrotribenzO1a.e,i]CYClOdOdecefle (2) 
using program IV for exchange of protons between three 
equally populated sites, A, B, and C (the input values for all the 
rate constants, k Ajs etc. were the same and so they will be 
referred to collectively as k): (a) at —62 °C, k 94.1 si;  (b) at 
—72 °C, k 32.2 s'; (c) at —76 °C. k 17.4 s'; (d) at —81 CC. 
k 10.6 s 1 ; (e) at —90 °C, h 7.5 s 
aromatic protons in the C2 conformation (27a; R' = H, 
R' = Me). This interpretation recognises that the 
chemical shifts of two of the three pairs of diastereotopic 
aromatic protons are apparently coincident. For this 
ABC 	 ABC 
At 
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Fzouaa 7 Observed (full line) and computed (broken line) 
spectra of the quaternary aromatic carbons of 5,6,11,12,17,18-
hexahydrotribeflzO[a,e.i]cYClOdOdecefle (1) using program IV 
for exchange of broad-band decoupled carbons between three 
equally populated sites, A, B, and C (the input values for all the 
rate constants, / etc. were the same and so they will be refer-
red to collectively as k): (a) at —82 °C, h 19.3 si; (b) at 
h 9.3 s'; (c) at —92 C, k 5.0 s 1 ; (d) at —104 °C, h 0.52 S 
(a) -82°C _,---_ 	 -----SS-------.- 
(d)104°C,''  
8383 	 368 	356 
FIGURE 8 Observed (full line) and computed (broken line) 
spectra of the dirnethylene carbons of 5,6,11,12,17,18-hexa-
hydrotribenzo[a.e,ilCyclododecefle (1) using program IV for 
exchange of broad-band decoupled carbons between three 
equally populated sites, A. B, and C (the input values for all the 
rate constants, kAB etc. were the same and so they will be 
referred to collectively as k): (a) —82 °C, k 110 s_i (b) at 




Although the conformational interconversion and 
inversion processes involving the C2 (27a; R1 = H, 
R2 = Me) and D3 (28a; R' = H, R2  = Me) conform-
ations and their enantiomers (denoted by C2 and D3*) 
can be discussed in terms of the equilibria D3 
C2 	C2* 	D3* 1  the site exchange between sites 
A, B, and C involving the three pairs of diastereotopic 
aromatic protons (R' = HA, HB, or H0) of the C2 and 
C' conformations (27a and b; R' = H, R 2 = Me) can 




03 conformation (28a) 
FIGURE 9 The ground-state C, (27a) and D, (28a) conformations 
of compounds (1)—(3). For (1), R 1  = R' = H; for (2). R' = 
H, R' = Me; for (3), R' = Me, R 2  = H. The enantiomeric 
ground-state conformations are denoted by C, (27b) and D,* 
(28b) in the text 
11. [The designations HA, HB, and H0 of the three pairs 
of diastereotopic aromatic protons of the C2 conform-
ations (27a and b) in Figure 10 do not reflect the relative 
chemical shifts of these protons. Individual assign-
ments are, of course, quite arbitrary.] Despite the fact 
that the D3 and D3* conformations (28a and b; R' = H, 
R2  = Me) are not detectable by 'H n.m.r. spectroscopy 
at low temperatures they must be considered as possible 
intermediates in the site exchange processes involving 
the C2 and C' conformations (27a and b; R' = H, 
R2  = Me). Formally, the site occupied by the homo-
topic aromatic protons (R' = H 0) of the D3 conform-
ations (28a and b; R' = H, R 2  = Me) is designated as 
site D in Figures 10 and 11 even although its occupancy 
has not been detected experimentally. In Figure 10, 
each formula represents a ground state conformation on 
the conformational itinerary. The conformations are 
drawn such that the mean plane of the twelve-membered 
ring lies in the plane of the paper and the methylene 
groups are indicated as being oriented above () or 
below (0) the mean plane. Formally at least, D3 
conformations (28a and b; R' = H, R 2 = Me) can be 
interconverted with C2  conformations (27a and b; R' = 
H, R2 = Me), and C2 C2 ring inversions can occur 
by processes which involve simultaneous torsion about 
the two carbon-carbon bonds (e.g. 4a,5 and 6,6a) linking 
a particular dimethylene group (e.g. 4,5) to two aromatic 
rings (e.g. those defined by 1,2,3,4,4a,18a and 6a, -i,8,- 
9,10,10a). These processes, when executed with mole-
cular models, are reminiscent of pedalling motions. 
Pedalling of any one of the three homotopic dimethylene 
bridges (1, 2, or 3) of the D, conformation(28a; R' = H, 
R2 = Me) leads to a C2 conformation (27a; R' = H. 
R2  = Me). However, since the sites of the three pairs 
of diastereotopic protons designated HA, HB, and H0 are 
different with respect to the six designated aromatic 
protons (H-1,4,7,10,13,16) according as to whether the 
C2  axis bisects dimethylene bridge 1, 2, or 3, it is con-
venient to identify the C2 conformations (27a; R' = H 
R2 = Me) as C2-1, C2-2, and C2-3, respectively. Pedal-
ling of either of the two homotopic dimethylene bridges 
(2 or 3 for C2-1, 1 or 3 for C2-2, and 1 or 2 for C2-3) of 
C2-1, C2-2, or C2-3 effects C2 C2 ' ring inversion such 
that C2-1 is inverted to give either C2*_3 or C2*_2, 
C2-2 to give either C2*_3 or C2*_1, and C2-3 to give 
either C2 *_2 or C'-1. Pedalling of any of the three 
dimethylene bridges, 1, 2, or 3 bisected by the C2 axis 
in C2-11 C2 *_2, and C2 3, respectively, leads to the 
D3* conformation (28b; R' = H, R 2 = Me). The com-
plete site exchange scheme for HA, HB, H0 , and HD is 
summarised by the cubic array diagram in Figure 11. 
The designation of sites within the square brackets reading 
from left to right correspond to H-1,4,7,10,13,16. Since 
the D. conformations (28a and b; R' = H, R 2 = Me) 
are undetected intermediates in the low temperature 
'H n.m.r. spectra, further discussion of the conform-
ational behaviour of compound (2) can be restricted to a 
consideration of the C2  conformations (27a and b; R' = 
H. R2  = Me). Figures 10 and 11 show that the C2 
C2 *inversion process is associated with a first-order rate 
constant k which in turn may be related to the rate 
constants for the aromatic protons' site exchanges 
[HA -- Hn, I-  IA ---e'- Hc, HI, HA, HB—e'-Hc. 
H0 —p. HA, H0 —p. HJ. Thus,tlie rate constants for 
C2 C2 ring inversion at different temperatures 
were determined (see Figure 6) by comparing experi-
mental 1H n.m.r. spectra for the aromatic protons with 
theoretical spectra generated by the line-shape pro-
cedure described in method II (see Experimental 
section). Values for the free energy of activation for the 
C2 C2  ring inversion process were determined at the 
various temperatures. Table 2 records the average 
value (10.1 kcal mol 1) for 1GX (C2 C2 ) in compound 
(2). 
During our investigations on the conformational 
3 
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behaviour of compound (2), an FT 13C  n.m.r. spectro-
meter became available to us. Consequently, we 
decided to investigate the temperature dependence of the 
broad-band decoupled 13C n.m.r. spectrum of the parent 
compound (1) in order to establish that (i) the 2,3,8,9,14,-
15-hexamethyl derivative (2) is indeed a good model for 
J.C.S. Perkin I 
pound (1) also adopts predominantly C2 conformations 
(27a and b; R' = R 2 = H) in solution. Of course, 
small contributions (<2%) from the D3 conformations 
(28a and b; 1 = R 2 = H) would not necessarily be 
detected by variable temperature broad-band de-
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FIGURE 10 Conformational itinerary and site-exchange scheme for different nuclei and groups of nuclei involving the C (27a), C 
(27b), D3 (28a). and D3 (28b) conformations of compounds (1)—(3). For (1), R' = R 2 = H; for (2), R' = H, R 2 = Me; for (3), 
RI = Me, R3 = H. 0 = a methylene group above the mean plane of the ring. o = a methylene group below the mean plane 
of the ring 
(1) and (ii) line-shape analysis of broad-band decoupled 
13C n.m.r. spectra constitutes a reliable means of obtain-
ing activation parameters for conformational changes in 
medium-sized ring compounds. At ±20 °C, the broad-
band decoupled 13C n.m.r. spectrum of compound (1) in 
dichiorodideuteriomethane-carbon disulphide (2: 1) con-
sisted of three singlets for the aromatic carbon atoms and 
one for the CH 2CH 2 carbons (see Table 1 and Figure 5). 
As the temperature was lowered to —104 °C, the singlet 
for the CH 2CH2 carbon atoms (C-5,6,11,12,17,18) separ-
ated into three singlets of approximately equal intensities. 
The low-field singlet for the quaternary aromatic carbons 
(C-4a,6a,l0a,12a,16a,18a) also separated into three 
singlets of approximately equal intensities at —104 °C. 
Over this temperature range the signals for the other 
two sets of aromatic carbons remained as singlets. 
Taken together, these observations indicate that corn- 
exchanges between sites A, B, and C involving (i) the 
three pairs of diastereotopic quaternary aromatic 
carbons and (ii) the three pairs of diastereotopic CH 2CH2 
carbons of the C2 and C2*  conformations (27a and b; 
R' = R2 = H) can only be fully appreciated by reference 
to Figures 10 and 11. The situation is analogous to that 
already discussed for the three pairs of diastereotopic 
aromatic protons in compound (2). Rate constants for 
C2 C2 ' ring inversion at various temperatures were 
determined by comparing the experimental broad-band 
decoupled 13C n.m.r. spectra for (i) the quaternary 
aromatic carbons (see Figure 7) and (ii) the CH 2CH2 
carbons (see Figure 8) with theoretical spectra generated 
by the line-shape procedure described in method II (see 
Experimental section). Values for the free energy of 
activation for the C2 C2 8 ring inversion process were 




value for 	(C2 	C2e) was found (Table 2) to be 
(i) 9.9 kcal mo1 1 derived from the quaternary aromatic 
carbons and (ii) 10.1 kcal mo1 1 derived from the CH 8CH5 
TABLE 2 
Thermodynamic parameters associated with C9 ez C, 
ring inversion in compounds (1)-(3) 
Corn- G$/kcal 
pound 	R' 	R' 	Solvent 	N,m.r. probe 	' 
(1) H H 	CD,Cl,CS, 	C-4a,6a,10a,12a, 0.9 ± 0.2 
(2: 1) 16a.18a 




	Me CDCI,-CS, H-1.4,7,10,13.16 10.1 ± 0.3' 
(1:1) 
Me 	H CDCL, 	Me-1.4,7,10,13, 17.4 ± 0.3' 
16 
'Details of "C and 'H chemical shifts are given in Table 1. 
The site exchanges involving sites A, B, and C are described 
in Figures 10 and 11. Line-shape analysis was carried out 
using program IV described in method II. • Value from "C 
n.m.r. line-shape analysis (see Figure 7). d  Value from "C 
n.m.r. line-shape analysis (see Figure 8). 0 Value from 'H 
n.m.r. line-shape analysis (see Figure 6). 1  Value from 'H 
n.rn.r. line-shape analysis (see Figure 4). 
carbon atoms. Not only is the agreement between these 
two values for the same conformational process in com-
pound (1) obtained from use of two different 13C n.m.r. 
probes satisfying, but the close correspondence with the 
average value (10.1 kcal mol') for jGI (C2 C2*) from 
from 1H n.m.r. line shape analysis of compound (2) is en-
couraging. Clearly, the 2,3,8,9,14,15-hexamethyl deriv-
ative (2) is a good model for the tribenzocyclododecene 
(1). Finally, application of dynamic 13C n.m.r. spectro-
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FIGURE 11 Cubic array diagram showing the site exchanges for 
different nuclei and groups of nuclei involving C, (27a), C,° 
(27b), D. (28a), and D,' (28b) conformations of compounds 
(1)-(3). The sites indicated in square brackets read from 
left to right starting with the lowest and proceeding to the 
highest numbered nucleus or groups of nuclei in formulae 
(1)-(3) 
obtained by dynamic 1H n,mr. spectroscopy (cf. ref. 27). 
This observation is reassuring. 
t The figures quoted in Table 3 are more refined than those 
reported previously." The values (kcal moI') now gives for the 
total strain energies ET for the C, and D. ground-state conform-
ations are in good agreement [2.36 (2.96 ") and 5.96 (5.87 11)) 
whereas those for I'S (C, C,') and TS (I) D,') are 
different [11.60 (9.74 11)  and 19.11 (15.79 ")]. 
In order (i) to assess the relative importance of the D3 
conformations (28a and b; R' = R 2 = H) which are not 
R2 
 
TS (D) conformation (29) 
TS (Ci" 2*) conformation (30) 
FIGURE 12 The transition state conformations TS (C, 	n 
C l*) (29) and TS (D, 	C,) (30) for ring inversion and inter- 
conversion in compounds (1)-(3). For (1), R' = R' = H; 
for (2), R' = H. R' = Me; for (3), R' = Me, R' = H. The 
portions of the molecules indicated by thickened bonds are 
coplanar in each case (see footnote g in Table 3) 
detectable experimentally and (ii) to investigate the 
nature of the transition state geometry in the C2 - 
C2'' ring inversion process, strain energy calculations on 
selected conformations of the tribenzocyclododecene 
(1) were carried out using a molecular mechanics pro-
gram (see Experimental section) based on the procedure 
developed by Allinger el al.19 The results for the ground-
state conformations (Figure 9) of the C2 (27a; R1 = 
R2 = H) and D3 (28a; R1 = R2 = H) type and for the 
trial transition states (Figure 12) TS (C2 	C2*) 
(29; R1 = R2 = H) to C2 	C2 * ring inversion and 
TS (D 3 s=C2) (30; R'= R2 = H) to D3 C2 ring 
interconversion are given in Table 3.t In order for a 
ground-state conformation to reach a transition-state, 
pedalling of a dimethylene bridge is required until a 
conformation is attained in which the dimethylene 
bridge becomes coplanar with one of the aromatic rings 
(see footnote g in Table 3). The data for the individual 
interactions in each conformation show (Table 3) that 
the major contributions towards the total strain energies 
of both transition states arise mainly from angle strain 
and non-bonded interactions. The angle strain is 
associated almost entirely with the twelve-membered 
ring CeC angles and the transannular non-bonded inter-
actions are associated with the carbon and hydrogen 
atoms of the dimethylene groups. Both transition-state 
" B. E. Mann, Progr. NMR Spectroscopy, 1977, 11, 95. 
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conformations show considerable relaxation of non-
bonded interactional strain at the expense of increased 
angle strain. In the case of the ground-state conform-
ations, the D3 conformation (28a; R' = R 2 = H) experi-
ences (i) larger non-bonded transannular interactions in-
volving the dimethylene groups and (ii) more angle strain 
in the twelve-membered ring than does the C2 conform-
ation (27a; R' = R2  = H). These results are consistent 
with indications from space-filling molecular models of 
closer packing in the C. conformation (27a; R' = R' = 
H) than in the D. conformation (28a; R' = R2 = H) of 
the two sets of three transannularly-interacting hydro-
gens above and below the mean planes of the twelve-
membered rings in both these conformations. The 
calculated strain energy difference (SET 3.6 kcal mol') 
between the C2 (27; R' = R2 = H) and D3 (28; R1 = 
R2 = H) conformations (Table 3) is consistent with the 
J.C.S. Perkin I 
the basis of symmetry considerations alone. This 
conclusion can be reached either by (i) noting that the 
symmetry number is reduced from 2 to 1 on going from 
the ground state to transition state conformations or 
(ii) appreciating that a dimethylene group can be pedalled 
in two energetically equivalent ways during C. 
ring inversion. If the difference (1ET = 9.24 kcal 
mol') in the strain energies between the C2 (27a; R' = 
R2 = H) and the TS (C2 WC 2 ) (29; R' = R2 = H) 
conformations is equated with &tII then the entropy 
difference of Rin 2 means that a free energy of activation 
(AG) of 8.8 kcal mol' can be calculated for C0 	C2 
ring inversion. The relatively close correspondence 
between this value and the experimentally determined 
values (Table 2) of 9.9 and 10.1 kcal mol' suggests that 
the selected TS (C, 	C,*) (29; R' = R' = H) con- 
formation corresponds closely to the actual transition 
TABLE 3 
Calculated strain energies (ET/kcal mol') of various conformations of 5,6,11,12,17, 18-hexahydrotribenzo[a,e,i]- 
cyclododecene (I) 
Conformation 	 E, ° 	Eo - 	E -' 	Ea - 
Cg 	C,' (27; R1 = R2 = H) 	 0.11 2.07 0.28 0.13 	-0.23 	2.38 
D2 (28; R' = R 1 = H) 0.25 	4.81 	0.12 	0.10 0.88 5.98 
TS(C 2 	C) (29; R' = R2 =H) 9 	0.40 7.69 0.88 0.62 	2.01 	11.60 
TS(D 2 C,)( 30; R' = R3 =H) V 0.64 	9.72 	1.83 	0.46 646 19.11 
The following energy terms (J. F Stoddart, 'Organic Chemistry, Series One, Structure Determination in Organic Chemistry, 
ed. W. D. Ohs, Butterworths, London. 1973, p.  1) have been used E, (bond length strain), Ee (angle strain), E (torsional strain) E8 
(out-of-plane strain in aromatic rings), E a  interactional strain); total strain energy ET = Er + Ee + E, + E + E,, 
Calculations based upon the following force constants. Bond length strain: aromatic hoc 1 102, hcH 729; aliphatic koc 863. 
kou 655 kcal mot' A. Angle strain : aromatic hc,cc 144, hom 108; aliphatic k000 115. kom 94. heca 74 kcal moll radiant; all 
angle strain reduced by a factor of 0.7. 'Calculations based upon the following equilibrium bond lengths and bond angles: arom-
aticC-C 1.395, C-H 1.09; aliphatic C-C 1.54. Ar-C 1.50, C-H 1.09 A. Aromatic CCC 120°, CCH 120°; aliphatic CCC 111.5° CCH 
109.51, HCH 106°. 'The torsional strain associated with C-C bonds was treated as a three-fold barrier of height 3.0 kcal mol l -1 . 
Aromatic C-C bond twisting was calculated according to Boyd et at. (see footnote e). 'Out-of-plane strain associated with aromatic 
rings was calculated according to Boyd et al. (R. H. Boyd, J. Chem. Phys., 1968, 49, 2574; C. Shieh, D. McNally, and R. H. Boyd, 
Tetrahedron, 1969, 29, 3853). /Non-bonded interactions based upon the Hill equation as summarised in E. L. Eliel, N. L. Allinger, 
S. J. Angyal, and G. A. Morrison, ' Conformational Analysis,' Wiley-Interscience, New York, 1965. ch. 7. V Transition-state geo- 
metries are defined by holding a CH,CH 2 unit in the plane of one of the aromatic rings. For the TS (C 2 	C 1c) (29; R' = R1 = 
H) conformation, atoms, 5, 4a, 4, 3. 2, 1, 18a, 18. 17, and 16 were ' held' coplanar. For the TS (D 3 C 2) (30; R' = R' = H) 
conformation, atoms 12, 12a, 13, 14, 15, 16, 16a, 17. 18. and 18a were' held' coplanar. See Figure 12. 
failure to observe any D. conformational signal in the low 
temperature broad-band decoupled 13C n.m.r. spectra of 
the ti-ibenzocyclododecene (1). Entropy differences 
arising from the different symmetries of the two con-
formations also favour the C, conformation (27a; R' = 
R' = H). This conformation has a symmetry number of 
2 and consequently will be higher in entropy by Rin 3 
cal deg-' moI' than the D, conformation (28a; R' = 
R' = H) which has a symmetry number of 6. If tE 
is equated with EH, then the entropy difference of Rln 3 
means that the free energy difference (AG) between the 
two conformations at room temperature is 4.2 kcal mo1 1 . 
This value for AG corresponds with Ca. 0.1% of the D3 
conformations (28a and b; R' = R' = H) in equilibrium 
with the C, conformations (27a and b; R' = R 2 = H) in 
solution. Thus, it is not surprising that the D. con-
formations (28a and b; R' = R2 = H) of the tribenzo-
cyclododecene (1) are not detected by dynamic 13C n.m.r. 
spectroscopy. Compared with the C. conformations 
(27a and b; R1 = R' = H), the transition state con-
formation TS (C, C,) (29; R' = R' = H) is 
favoured on entropy grounds by Rin 2 cal deg -' mo!-1 on 
state for C, 	C, ring inversion. This investigation 
demonstrates that use of molecular methanics based on 
strain energy calculations is a reliable complementary 
procedure with medium-sized ring hydrocarbons for (1) 
assessing the relative importance of experimentally 
inaccessible ground-state conformations and (ii) defining 
the geometry of transition-state conformations. 
It was also of interest to ascertain the effect on the 
conformational behaviour in solution of the twelve-
membered ring of introducing six methyl substituents 
into the ort/.ro-positions of the aromatic rings of the 
hexahydrotribenzocyclodecene (1). Accordingly, we 
have investigated the temperature dependence of the 'H 
n.m.r. spectrum of the 1,4,7,10,13,16-hexamethyl deriv -
ative (3). At +20 °C, the spectrum in deuteriochioro-
form consisted of multiplets for the aromatic and CH,CI{, 
protons, and three singlets for the aryl-methyl protons 
(see Table 1). Interest was centred on the signal for the 
aryl-methyl protons since the three singlets observed at 
room temperature coalesced to give one singlet as the 
temperature was raised (see Figure 4) to +80 °C. Over 
this temperature range, the multiplets for the aromatic 
1978 
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and CH2CH2 protons both coalesced to give singlets 
However, close inspection of the three singlets for the 
aryl-methyl substituents at +20 °C indicates that the two 
singlets located at lower field are slightly broader than 
the high-field singlet. Two interpretations of this 
observation may be considered: either (i) the three 
pairs of diastereotopic methyl protons (R' 
MeB, or Mec) of the C2 and C,* conformations (27a and 
b; R1 = Me, R2  = H) are exhibiting non-identical 
relaxation times, or (ii) there is a small amount (<5 0/10 ) 
of the D3 and D3 * conformations (28a and b; R' = Me, 
R2  = H) whose homotopic methyl protons (R' = Me 0) 
are giving rise to a signal coincident with that of Me o 
in the C2  conformations (27a and b; R' = Me, R 2 = H) 
and exchanging with MeA and Me 5 . 
Strain energy calculations have been performed on the 
interconversion. However, in view of the results of the 
strain energy calculations, the values employed for 
these rate constants were the same as those established 
simultaneously for C2 C2 * ring inversion (see below). 
Good matches were obtained (see Figure 4) between 
theoretical and experimental spectra provided the con-
tribution from the D3  conformations (28a and b; R' = 
Me, R2  = H) was not allowed to exceed 0.8%. Rate 
constants for the C2  C2* ring inversion process at 
various temperatures were determined and the average 
value for AGI (C, C,*) was found to be 17.5 kcal 
mol'. However, after this detailed consideration, 
interpretation (ii) discussed in the preceding paragraph 
was effectively ruled out by the observation that there 
were no significant changes in the room temperature 
line-shape for the aryl-methyl protons down to -40 °C. 
TABLE 4 
Calculated strain energies (Er/kcal mol') a of various conformations of 1,4,7,l0,13,16-hexamethYl-5,6,11.12l7.lS 
hexahydrotribenzo[a,e,i]CyclodOdecefle (3) 
Conformation 	 E, 	Ee 	Ek 	Ea 	E,.5 	ET 
C1 = C, (27; R' = Me, R' = H) 	 0.35 2.71 0.76 0.24 0.05 
4.11' 
= D,1 (28; R 1 = Me, R' = H) 0.31 	2.47 	1.53 	0.65 	0.00 	
4.96' 
TS(C, 	C) (29; R' = Me. R' = H) b 	 0.87 15.29 1.43 0.76 2.44 
20.79 It 
TS(D, C,) (30; R' = Me, R1 = H) b 0.98 	12.99 	1.87 	0.98 	5.05 	
21.85 
See footnotes a-f in Table 3. 	Transition-state geometries are defined by holding a CH,CH 2 unit in the plane of one of the 
aromatic rings. For the TS (C 5 C e ') (29; R' = Me. R2 = H) conformation, atoms 5. 4a, 4, 3, 2, 1, 18a, 18, 17, and 16 were 
'held ' coplanar. For the TS(D S 	C,) (30: R 5 = Me. R 2 = H) conformation, atoms 12. 12a, 13, 14, 15, 16, 16a, 17, 18, and 
18a were ' held ' coplanar. Sec Figure 12. 'The C. conformation (27a; R' = Me, R2 = H) is also favoured by entropy. On the 
basis of symmetry considerations alone, the C1 conformation (27a; R' = Me, R' = H), which has a symmetry number of 2, 
will 
be Rln 3 cal deg' mol' higher in entropy than the D, conformation (28a: R' = Me. R 2 = H) which has a symmetry number of 6. 
If the difference in strain energies (Ei.. 0.85 kcal mol) between the two ground-state conformations is equated with AH, 
then the 
entropy difference of Rln 3 means that the free energy difference between the two conformations is Ca. 1.5 kcal moP. 
4 I the difference in strain energies (SET 16.68 kcal mol') between the C, conformation (27a; R 1 = Me. R' = H) and the tran-
sition state TS (C, C 1 ) ( 29; R' = Me, R' = H) is equated with H then an approximate estimate for G1.of 16.3 kcal mot
- ' 
follows from recognising that the transition state is favoured on entropy grounds by Rln 2 cal deg' mor' (i.e. the CH,CH, 
unit can 
be pedalled in two energetically equivalent ways during C, C,° ring inversion). 
ground-state conformations (27a and b; R' = Me, 
R' = H) and (28a and b; R' = Me, R 2 = H) and on the 
probable transition states (see Figure 2) TS (C 2 	C,*) 
(29; R' = Me, R 2 = H) for C, 	C, ring inversion 
and TS (D 3 	C,) (30; R1 = Me, R' = H) for D3 
C, ring interconversion. The results (Table 4) agree 
with the conclusion that the C, conformation (27a; R' = 
Me, R' = H) is more stable 	= ca. 1.5 kcal 
mo1 1) than the D3  conformation (28a; R' = Me, R' = 
H) but suggest that the latter may contribute slightly 
to the conformational equilibrium. If this is the case, 
then the fact that the calculated energy barriers 
[1ETI(D,...... .c,)16.89. 	 17.74 kcal mol'] for 
D3 	C, ring interconversion are of the same order of 
magnitude as the C, 	C,* ring inversion barrier 
(ETI 16.68 kcal mol') suggests that an exchange process 
involving a fourth site might be occurring in the temper-
ature range +20 to +80 °C. This possibility [i.e. 
interpretation (ii) above] was explored by generating 
theoretical spectra using line-shape equations based on a 
four-site exchange process (method III in the Experi-
mental section) amongst MCA, Men , Alec , and Me 0 with 
the chemical shifts of Me0  and Mel) being made coinci-
dent. It was found that the line-shapes were insensitive 
to the magnitude of the rate constants for D. C, ring 
By implication, interpretation (i) must provide the 
answer to the problem. Comparison (see Figure 4) 
of the experimental 'H n.m.r. spectra for the aryl-
methyl protons with theoretical spectra generated 
by line-shape equations based upon a three-site exchange 
process [method II in the Experimental section] 
amongst MeA, Me 5 , and Me0 gave a value for AGT of 
17.4 kcal mol 1 for C, C2 ring inversion. There 
is encouraging agreement between this value and 
the value of 16.3 kcal mol' determined from 
strain energy calculations (see Table 4) assuming that the 
transition state for C, C, ring inversion corresponds 
to TS (C, 	C2 *) (29; R' = Me, R' = H). 
A comparison (Table 2) between the G (C, 	C,*) 
values for the hexahvdrotrihenzocyclododecene (1) and 
its 2,3,8,9,14,15- (2) and 1,4,7,10,13,16- (3) hexainethyl 
derivatives shows that approximately the same barrier is 
associated with C,C, ring inversion in compounds 
(1) and (2) whereas a much higher barrier (plus Ca. 7 kcal 
mol') is associated with the same ring inversion process 
in compound (3). This observation leads to the conclu-
sion that the presence of aryl-methyl substituents in the 
mesa-positions with respect to the dimethylene bridges 
does not contribute towards an increase in the energy 
barrier associated with C, cq=t= C2* ring inversion. Thus, 
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the assumption that the 2,3,8,9,14,15-hexamethyl deriv-
ative (2) is a good model for the parent hydrocarbon (1) is 
vindicated. In contrast, the presence of aryl-methyl 
substituents in the ortho-positions with respect to the 
dimethylene bridges increases significantly the energy 
barrier associated with C, C2 4' ring inversion as a 
result of (1) nonbonded interactions between the methyl 
groups and adjacent dimethylene bridges, and (ii) non-
bonded interactions between juxtaposed methyl groups. 
By way of comparison, it is interesting that the activ-
ation parameters for the conformational changes in the 
trisalicylides (4)—(6), for which analogous transition 
states have been proposed,' were found ' to correlate in a 
similarly predictable manner with the varying steric 
demands of the alkyl substituents occupying the ortho-
positions. Thus, the free energies of activation for ring 
inversion and interconversion processes are considerably 
less for tri-3,6-dimethylsalicylide (4) than they are for 
tri-o-thymotide (5) or tri-o-carvocrotide (6). However, 
whereas the hydrocarbons (1)—(3) prefer to adopt the 
less symmetrical C2 conformation (27) in solution, both 
helical (Cl) and propeller (C3) conformations are present 
in solutions of the trisalicylides (4)—(6) with the more 
symmetrical propeller always preferred. 
Finally, in this discussion on the conformational 
behaviour of twelve-membered ring hydrocarbons, it is 
worth reflecting upon the pioneering work of Baker et al. 2 
In fact, the C2 conformation (27a; R' = = H), 
established by dynamic n.m.r. spectroscopy and strain 
energy calculations in the present investigation to be the 
most stable ground-state conformation, corresponds with 
form (lb) in Figure 1. This is (i) one of four forms [(la- 
d) in Figure 1] proposed as a ' strainless phase ' of 
hexahydrotri ben zocyclododecene (1) by Baker et al. 2 and 
(ii) one of the two forms [(lb and c) in Figure 1] which 
satisfies the preliminary X-ray crystallographic evi- 
R 
(31) R H 
RZ 	R (32)RBt 
dence 2  (see the introductory section) that (1) lacks 
trigonal symmetry, at least in the crystal. To our 
knowledge, the only other related investigations in more 
recent times are those describing the conformational 
behaviour of the all-cis-1,5,9-cyclododecatriene (31) 28 
and its 1,5,9-tribromo-derivative (32).29  The crown 
(33), saddle (34), symmetrical s-trans-(35), and unsym-
metrical s-trans-(36) conformations shown in Figure 13 
were all considered as possibilities by Untch et al.28 ' 29 for 
compounds (31) and (32) in solution. On the basis of 
(i) u.v. spectroscopy of (31), (ii) dipole moment measure- 
ments on (32), and (iii) the magnitudes of the vicinal 
coupling constants for the CH,CH, protons of (32), the 
K. G. Untch and D. J. Martin, J. Amer. Chem. Soc., 1965, 87, 
3518. 
presence of crown (33) and saddle (34) conformations in 
significant amounts was excluded. From examination 
of molecular models it was deduced that the unsym-
metrical s-trans-(35) is less strained than the symmetrical 
Crown (33) 	 Saddle (34) 
R 
H 	 H 
H 	H 
R \H H1 	 R 
H H R 
Unsymmetrical s- (ia/is (36) 	Symmetrical s- (tans (35) 
FIGURE 13 Possible ground-state conformations [crown (33), 
saddle (34), symmetrical s-trans (35), and unsymmetrical s-
trans (36)] for cis, cis, cis -cyclododeca-1,5,9-triene (31) and its 
tribromo-derivative (32) proposed by Untch et ai 58 '° For (31), 
R=H; for (32),R=Br 
s-trans-(36) conformation because intra-annular hydrogen 
repulsions are less in (36) than in (35). Thus, it was 
concluded that the unsymmetrical s-trans-conformation 
(36) is of lower energy and would be the most populated 
in solution. Since the unsymmetrical s-trans-conform-
ation (36) of compounds (31) and (32) is stereochemically 
analogous to the C, conformations (27) of compounds 
(i)—(3), there is close correspondence between the 
conformational behaviour of the hexahydrotribenzo-
cyclododecenes (1)—(3) and the cis,cis,cis-1 ,5,9-cyclo-. 
dodecatrienes (31) and (32) in solution. 
The Temperature-dependent 'H N.m.r. Spectra and 
Conformational Properties of 2,3,8,9- (15) and 1,4,7,10-
(16) Telramethyl-5,6, 11, 12-tetrahydrodibenzo[a,e]cyclo-
octene.—The availability of the 1,4,7,10-tetrarnethyl 
derivative (16) of tetrahydrodibenzocyclo-octene (14) 
provided an opportunity to study the effect on the 
conformational behaviour in solution of the eight-
membered ring of introducing four ortho-methyl sub-
stituents into the aromatic rings. The low temperature 
n.m.r. spectrum of (16) shows two sets of signals which 
could be easily assigned to two differently populated 
diastereoisomeric conformations. Each of these two 
ground-state conformations was associated with sets of 
signals provided by (i) four homotopic aromatic protons, 
four homotopi.c aromatic methyl substituents, and 
a pair of CH2CH2 groups. The corresponding 
changes observable in the 'H n.m.r. spectra of (16) in 
carbon disulphide are (cf. Table 5) as follows: (i) the 




singlet (r 3.47; +30 °C) broadened at lower temperatures 
eventually giving at -61 °C, two sharp singlets (-r 3.25 
and 3.50; relative intensities 12 : 88), (ii) the singlet 
(t 7.87; +30 °C) gave two sharp singlets at _610  (TMe 
TABLE 5 
Temperature-dependent 1 H n.m.r. spectral parameters 
(100 MHz) for compounds (15) and (16) 
Corn- 	 Temp. 
pound Solvent 	(°C) 	Group 
CDCI 2-CS, -71 CH 	2.98 (s) (A). 3.34 (s) 
(B) 
(2:1) 	 CHCH 3 ' 	6.95 (s), 6.97 (AA'), 
7.40 (B13') 
CH, 	7.76 (s) (A), 7.94 (s) 
(B) 
-1-20 C 6H2 	3.31 (s) (AB) 
CHCH2 ' 	7.09 (s) 
CH, 	7.91 (s) (AB) 
CS 2 . 	 -61 CIi 1 3.25 (s) (A), 3.50 (s) 
(B) 





CH, 	7.70 (s) (A), 7.88 (s) 
(B) 
+30 C6H 	3.47 (s) (AB) 
CH,CH 3 b 	7.01 (s) 
CH, 	7.87 (s) (AB) 
Sites are designated A and B for the two-site systems. 
Sites that represent two time-averaged signals are designated 
AB. 'The CH 2CH 2 group gives an AA'BB' system for the 
chair conformation and a time-averaged singlet for the boat 
conformation, which coalesce to a single singlet at higher 
temperatures. 
7.70 and 7.88, relative intensities 12 : 88) and (iii) the 
singlet (T 7.01) observed at ±30 °C for the CH 2CH 2 
protons broadened considerably as the temperature was 
lowered and then sharpened again at -20 °C, giving 
eventually at -61 °C a major signal (singlet A 3 , - 6.97; 
relative intensity Ca. 85) and a minor signal (unresolved 
AA'BB' system, A  676, 6.88; relative intensity ca. 
15). The characteristics of the signals associated with 
(iii) are such that the A 4 system must be assigned to the 
major conformation (molar population 0.88 at -61 °C 
in CS2  solution) which is one of a family of flexible Boat * 
conformations. 10"1 Similarly, the AA'BB' system must 
be associated with the minor conformation (molar 
population 0.12 at -61 °C in CS 2 solution) which cor-
responds to a rigid Chair * conformation. Line-shape 
analyses employing a program (see method I in the 
Experimental section) for two-site exchange processes 
were carried out (see Figure 3) for (i) and (ii) described 
above. They each gave a 6,G value of 12.1 kcal rnol' for 
C -.. Boat interconversion (see Table 6). Strain 
energy calculations have been performed on selected 
conformations of the 14,7,1 0-tetramethyl derivative 
(16). The results (Table 7) characterise (i) the two 
ground-state conformations (see Figure 14) as the C 
conformation (37; R' = Me, R 2 = H) and a minimum 
* The description' Boat' is non-specific and refers to any of the 
infinite number of conformations lying on the pseudorotational 
itinerary B TB B TB* B (See refs. 10 and 
11 for a definition of the descriptors B, B, TB, and TB). 
Similarly, the description ' Chair' refers to both the degenerate 
conformations (C and C*)  of the rigid chair type.  
energy boat (MEB) conformation (38; R 1 = Me, R2 = 
H) with torsion angles of ca. 26' about the 5,6- and 1 1,12-
bonds and (ii) the transition-state conformations (see 
Figure 15) as the TSI (39; R' == Me, R 2 = H) and TS2 
conformations. The MEB conformation (38; R' = Me, 
R2  = H) is predicted to be more stable (SET 1.34 kcal 
mo1 1) than the C conformation (37; R' = Me, R 2 = H) 
TI 
FIGURE 14 The ground-state C (3 7) and MEB (38) conformations 
of compounds (15) and (16). The notation for the torsional 
angles is defined in refs. 10 and 11 and refers in turn to the 4a,5-, 
5,6-, 6,6a-, l0a,l1-. 11.12-, and 12,12a-bonds. The descriptors 
C and C* refer to degenerate conformations; the descriptors 
MEB 1 and MEB P refer to enantiomeric conformations; 
further degenerate analogues are the MEB 2 and MEB 2* 
conformations. See refs. 10 and 11 for a full discussion of the 
contormational itinerary of these' 6.8,6 ' systems 
which is in accord with experimental observation (see 
Table 6) and the strain energy difference (AE T 13.23 
kcal mol') between the TS1 (39; R' = Me, R 2 = H) 
and C (37; R' = Me, R 2 = H) conformations is in 
satisfying agreement with the observed G value of 
12.1 kcal mol' for C -p- Boat interconversion. This 
value is Ca. 2 kcal mol higher than the reported values 
[G c ..... jsoat = 10.2 (refs. 10-12) 10.0 (ref. 13) kcal 
mo!-1] for tetrahydrodibenzocyclo-octene (14). Clearly, 
the presence of four ortho-methyl substituents on the 
aromatic rings serves to destabilise the TS1 conformation 
(39; R1 = Me, R2 = H) relative to the C conformation 
(37; R' = Me, R2 = H) in the 1,4,7,10-tetramethyl 
derivative (16). 
The availability of the 2,3,8,9-tetramethyl derivative 
(15) as a suitable model for tetrahydrodibenzocyclo- 
1414 
octene (14) provided a means of assessing the re- 
ported 1013  values (see above) for the free energy of 
J.C.S. Perkin I 
methyl substituents. The 'H n.m.r. spectral data for 
(15) in deuteriochioroform_carbon disulphide (2 : 1) at 
TABLE 6 
Site exchanges and thermodynamic parameters associated with the Chair -.- Boat ring interconversion process in corn- 
pounds (15) and (16) 
site 
Compound 	R' 	R' 	exchanges • 	PA 	Ps 	AG/kcal mor'AG;/kcal mor' 
H Me A -,.B 60 40 +0.16 	10.5±0.2 
(-71 °C) 
Me 	H 	 A -. B 	12 	88 	-0.83 	12.1 ± 0.5' 
(-64 °C) 
• Details of the chemical shifts are given in Table 5. For the 2.3,8,9-tetramethyl derivative (15), a full line-shape analysis was carried out (see Figure 2) on the 1 1-I n.m.r. spectra for the aromatic protons. For the 1,4.7,10-tetramethyl derivative (18), a full 
line-shape analysis was carried out (see Figure 3) on the 'H n.m.r. spectra for (i) the aromatic protons and (ii) the methyl protons. 
'Identical values for AGI were obtained from line-shape analysis of the 1 H n.m.r. spectra for (i) the aromatic protons and (ii) the methyl protons. 
TABLE 7 
Calculated strain energies (ET/kcal mol') a  of various conformations b of 1,4,7, 10-tetramethyl-5, 6,11,1 2-tetrahydrodi- 
benzo[a,e]cyclo-octene (16) 
Conformation E, 	 Es 	E# E~b ET C 	CS (37) 
B B* b = 
0.05 1.18 5.95 0.13 0.00 7.31 
TB = TB* S 
	
0.11 	1.66 	6.00 






9.26 MEB (38) 
TS1 	TSIO 	TS2 = TS20 (39) 
0.08 	1.62 	4.05 




See footnotes a-f in Table 3. 'These conformations have been defined in Part 1 lO  and in 
0.81 	20.54 
a recent review." 
activation associated with C -* Boat interconversion 
in (14). Potentially, good 'H n.m.r. probes are present 
FIGURE 15 The transition-state conformation TS1 (39) for 
C -p. Boat interconversion in compounds (15) and (16). 
The notation for the torsional angles is defined in refs. 10 and 11 
and refers in turn to the 4a,5-, 5,6-, 6,6a-, 10a,11-, 11,12-, and 
12,12a-bonds. The descriptors TS1 and TSP' refer to degener-
ate conformations defined by coplanarity of atoms 11, 12, 12a, 
4a, 5, and 6. Further degenerate analogues are the TS2 and 
TS2' conformations (see refs. 10 and 11) defined by coplanarity 
of atoms 5, 6. Ga, lOa, 11, and 12 
in compound (15) in the form of (i) the four homotopic 
aromatic protons and (ii) the four homotopic aromatic 
(i) +20 °C and (ii) -70 °C indicate (see Table 5) that the 
signals for the aromatiá protons are the most suitable for 
line-shape analysis (see Figure 2) employing the two-site 
exchange program (see method I in the Experimental 
section) over the temperature range -52 to -71 °C. 
The results of this analysis (Table 6) show that the 
C (37; R' = H, R' = Me) and MEB (38; R = H, 
R' = Me) conformations (see Figure 14) of (15) are 
populated to the extent of C: MEB 60: 40 in CDCI,-
CS, (2: 1) at -71 °C and that the free energy of activ-
ation is 10.5 kcal mol' for C -* Boat interconversion in 
close agreement with the values of 10.2 (refs. 10-12) and 
10.0 (ref. 13) reported for tetrahydrodibenzocyclo 
octene (14). This correspondence in conformational 
behaviour between (14) and (15), together with strain 
energy calculations discussed previously 10.11 for (14), 
suggest that (i) the 2,3,8,9-tetramethyl derivative (15) 
is a suitable model for tetrahydrodibenzocyclo..octene 
(14) and (ii) C Boat interconversion in the 2,3,8,9-
tetramethyl derivative (15) involves a transition-state 
conformation (see Figure 15) of the TSI (39; R' = H, 
R' = Me) type. 
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Conformational Behaviour of Medium-sired Rings. Part 7.' 56,7,12-  
Tetra hyd rod ibenzo[a,d]cyclo...octana 
By Farouk Eltayeb Elhadi, W. David 011ie, and J. Fraser Stoddart, Department of Chemistry, The University, 
Sheffield S3 7HF 
The temperature dependences of the 'H n.m.r. and broad-band decoupled 13C n.m.r. spectra of 5.63.1 2-tetrahydro-
dibenzo[a,d]cyclo-octene (4) have been interpreted in terms of the interconversion of chair- and boat-like con-
formations. Strain energy calculations on selected conformations of this hydrocarbon (4) have led to useful 
correlations between calculated and experimental thermodynamic parameters. 
TffE conformational behaviour of 5,6,11,12-tetrahydro-
dibenzo[a,e]cyclo-octene (1) 2-5  and its 1,4,7,10- (2) and 
2,3,8,9- (3) tetramethyl derivatives 1 - 3 has been investi-
gated recently in considerable detail by dynamic 'H 
n.m.r. spectroscopy. These compounds showed temper-
ature dependence of their spectra which could be 
associated with the presence in solution of chair- and 
lqp1 10a 12a 1 2 	 7a 40 
R'=R2=H 	 (4) 
R'- Me, R'= H 
(3)R'=H, R 2 =Me 
qo2p 
(5) 	 (6) 
boat-like conformations undergoing relatively slow 
interconversion and inversion processes on the 'H n.m.r. 
time-scale. A number of publications have also 
appeared describing the conformational properties in 
' Part 6, D. J. Brickwood, W. D. Ohs, J. S. Stephanatou, 
and J. F. Stoddart, preceding paper. 
Part 1, R. Crossley, A. P. Downing, M. Nbgrádi, A. Braga de 
Oliveira, W. D. 011is, and 1. 0. Sutherland, J.C.S. Perkin I, 1973, 
205. 
l W. D. Ohs, J. F. Stoddart, and I. 0. Sutherland, Tetra-
hedron, 1974, 30, 1903. 
' D. Montecalvo, M. St-Jacques, and R. Wasylishen, J. Amer. 
Chem. Soc., 1973, 95, 2023. 
' F. Sauriol-Lord and M. St-Jacques, Caned. J. Chem., 1975, 
53, 3768. 
A. Saunders and J. M. Sprake, J.C.S. Perkin 1, 1972, 1964; 
J.C.S. Perkin II, 1972, 1660. 
H. L. Yale, F. Sowinski, and E. R. Spitzmiller, J. Hetero-cyclic Chem., 1972, 9, 899; H. L. Yale and E. R. Spitzmiller, ibid., 
p. 911; M. S. Paur, H. L. Yale, and A. I. Cohen, Org. Magnetic 
Res., 1974, 6, 108. 
F. A. L. Anet and L. Kozerski, J. Amer. Chem. Soc., 1973, 95, 
3407; N. L. Ahinger and J. T. Sprague, ibid., 1972, 94, 5734; 
Tetrahedron, 1976, 81, 21. 
• R. K. Mackenzie, D. D. MacNicol, H. H. Mills, R. A. Raphael, 
F. B. Wilson, and J. A. Zabkiewicz, J.C.S. Perkin II, 1972, 1632.  
solution of some heterocyclic analogues 2,3,8,7 of (I), the 
related cis,ciscyclooctal,5diene, 8 and the syn-3,7-
dibromo-derivative, 9  Although the possibility of the 
existence of more than one conformation of cis,cis-cyclo-
octa-14-diene has been discussed 10-12  from a theoretical 
standpoint and the conformational behaviour of some 
heterocyclic analogues of 5.6,7,12-tetrah ydrodibenzo-
[a,d]cyclo-octene (4) has been examined by variable 
temperature 'H n.m,r. spectroscopy and strain 
energy calculations, 15 no experimental data are available 
for either of these hydrocarbons. In this paper,we 
discuss the conformational behaviour of the tetrahydro-
dibenzocyclo-octene (4) in Solution,16 
The ketone (6) was prepared by a known route 17 
involving (i) treatment of o-phthalaldehydic acid with 
phenylethylmagnesium bromide to give 3-(2-phenyl-
ethyl) plithalide, which was (ii) reduced with hydroiodic 
acid and red phosphorus to afford 2-(3-phenylpropyl)-
benzoic acid (5), followed by (iii) cyclodehydration of 
with polyphosphoric acid. Reduction of the ketone 
with lithium aluminium hydride in the presence of 
aluminium chloride gave the hydrocarbon (4). 
EXPERIMENTAL 
The general methods have been discussed in Parts 3 '° and 
6.' 
6, 7-Dihydrodibenzo[a,d]Il , 4]cyclo-octen- 12(5H) -one  (6) .'-
2-(3-Phenylpropyl)benzoic acid (5) 10  (m.p. 92-93°; lit.,'° 
90-92°) (1 g) and polyphosphoric acid (10 g) were heated 
together at 170 °C for 2.5 h. The mixture was allowed to 
cool before being poured on to ice (25 g). The aqueous 
suspension was extracted with ether and the ether layer was 
10  G. Favini, F. Zuccarello, and G. Buemi, J. Mol. Structure 
1969, 3, 385. 
" J. D. Dunitz and J. Waser, J. Amer. Chem. Soc., 1972, 94, 
5645. 
Is  N. L. Allinger, J. F. Viskocil, jun., U. Burkert, and Y. Yuh, 
Tetrahedron, 1976, 32, 33. 
G. Pala, A. Mantegani, and E. Zugna, Tetrahedron, 1970, 26, 
1275. 
16  R. N. Renaud, R. B. Layton, and R. R. Fraser, Caned. J. 
Chem., 1973, 51, 3380. 
16 Part 2, R. P. Geilatly, W. D. Ohs, and I. 0. Sutherland, 
J.C.S. Perkin 1, 1976, 913. 
16 Preliminary report, F. E. Elhadi, W. D. 011is, and J. F. 
Stoddart, Angew. Chem. Internet. Edn., 1978, 15, 224. 
" S. 0. Winthrop, M. A. Davis, F. Herr, J. Stewart, and R. 
Gaudry, J. Medicin. Chem., 1963, 6, 130. 
10 Part 3, W. D. OlJis and J. F. Stoddart, J.C.S. Perkin I, 1976, 
926. 
" N. J. Leonard, A. J. Kresge, and M. Oki, J. Amer. Chem. Soc., 
1955, 77, 6078. 
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washed with 5% sodium carbonate solution followed by 
water, dried (MgSO 4), and evaporated to give a crude 
product which crystallised from benzene-hexane as the pure 
(a) • 40°C 
(b) • 21 ° 
Cd) - 40°C 
-- V . 	 - 	 - 	 - 
5150 	 100 	 50 
FIGURE 1 The broad-band decoupled 13C n.m.r. spectra of 
5,6,7,12-tetrahyd rod ibenzo[a,dJcyclo-octene (4) at (a) +40 °C, 
(b) + 27 °C, (c) -18 °C, and (d) -40 °C in CDCI,. See Table I 
for chemical shift data 
dibenzocyclo-octenone (6) (270 mg, 30%), m.p. 145-148° 
(lit., 17 147-149°), T(CDCI 3) 1.84-2.04 (2 H, m, aromatic 
H-i and H-il), 2.40.-2.96 (6 H, m, other aromatic), 7.30 
(4 H. t, J 6 Hz, C-5 and C-7 methylene), and 8.04-8.36 
°° C. D. Gutsche, E. F. Jason, R. S. Coffey. and H. E. Johnson. 
J. Amer. Chem. Soc., 1958, 80, 5756.  
(2 H, m, C-B methylene), 8 (CD 2 C12-CS,) 194.2 (CO), 
140.6 and 140.1 (quaternary aromatic), 132.8, 130.7, 129.8, 
120.4 (other aromatic), 33.1 (C-6), and 30.5 (C-S and C-7). 
No line broadening was observed in this broad-band 
decoupled 13C n.m.r. spectrum as the sample was cooled 
down to -80 °C. 
6,6,7,1 2-Tetrahydrodibenzo[a,d]cyclo-octene (4) .-A solu-
tion of lithium aluminium hydride (9 mg) and aluminium 
chloride (30 mg) in dry ether (20 ml) was added dropwise to 
the ketone (8) (50 mg) dissolved in ether (20 ml) and the 
mixture was stirred at room temperature. The reaction was 
followed by tic. on silica gel with chloroform-light petrol-
eum (b.p. 40-80 °C) (1 : 1) as eluant and was complete 
within 1 h. Dilute hydrochloric acid was added and the 
ether layer was separated, washed with water, dried 
(MgSO), and evaporated to give the crude product (4) which 
was recrystallised from ethanol; yield 37 mg (77%), m.p. 
79-80° [Found: C, 91.6; H, 8.0%; M (mass spec.), 208. 
C1eH18 requires C, 92.3; H, 7.7%; M, 208]; see Table 1 for 
'H n.m.r. data and Figure 1 and Table 1 for broad-band 
TABLE 1 
Temperature-dependent 'C n.m.r. (25.14 MHz) and 'H 
n.m.r. (100 MHz) spectral parameters for 5,8,7,12-
tetrahydrodibenzo[a,d]cyclo-octene (4) 
Temp. 
Solvent 	(°C) 	Group 	 &, or r 
CDCI, -40 CH4 6 142.2 (A), [141.1 (B)],b  140.3, 
130.2, 128.4, 126.8, 126.1 
- 	- 	C-12 	839.0 
C-5,7 8 37.8 (A), [36.8 (B)] 
C-6 	829.7 
+40 C,H4 8 142.0 (AB), 140.5, 130.3, 128.7, 
126.6, 126.3 
C-12 	6 39.8 	 - 
C-5,7 8 37.4 (AB) 
C-8 	8 30.4 
CDC], 	-40 C6H r 2.48-3.20 (m) 
CH-12 	r [5.65 (AB2)],' 5.72 (Al),' 6.32 
(BI)' 
CH,-5.7 	r 6.60-7.26 (m) 
CH'-6 r 7.40-8.80 (m) 
+40 C6H4 	r 2.52-2.32 (m) 
CH,-12 r 6.01 (br,$) (ABI2) 
CH,-5,7 	r 7.01 (br,$) 
CH'-6 r 8.08 (br,$) 
The designations A, B, etc., correspond to the site exchanges 
cited in Table 2. Sites are designated A and B for uncoupled 
two-site systems; Sites that represent two time-averaged 
signals are designated AB. Sites are designated Al, B1, and 
AB2 for the three-site system where there is coupling in the 
form of one AB system (A1B1) in addition to a single site 
(AB2). The site that represents three time-averaged signals is 
designated AB12. b The square brackets indicate that this 
signal for the minor conformation was inferred from line-shape 
calculations but was not visible in the spectrum above the 
noise level. 'The coupling constant for the A1B1 system is 
13.4 Hz. 
decoupled 13C n.m.r. data. Wolff-Kishner reduction of 
the ketone (6), obtained as an impure solid from the cyclo-
dehydration of (5), has been reported 20 to afford an oil, 
b.p. 141-145° at 0.5 mmHg, which solidified to give a 
compound with m.p. 135-136 0. This compound, which 
was claimed 20 to be the hydrocarbon (4), was converted into 
a diacetyl derivative (oil) from which a crystalline 2,4-
diriitrophenylhydrazone (m.p. 234-236°) was prepared and 
characterised on the basis of elemental analysis. 
Determination of Rates of Conformational Changes by 
Dynamic 1H and 15C N.m.r. Spectroscopy.-The methods 
The temperature-dependent 'H n.m.r. spectra of the 
(b) 	 hydrocarbon (4) in deuteriochloroform demonstrate that 
two diastereoisomeric conformations are populated in 
solution. At —5 °C, the spectrum showed an AB 
I' II system for the C-12 methylene protons which exhibited Is 
I selective broadening of the B portion. As the temper- 
.' 
I 	 ature was raised the unsymmetrical AB system coalesced 
to give a broad singlet above room temperature. De- 
L
creasing 'the temperature resulted in the AB system 
becoming well-resolved and assuming a symmetrical 
character. Two exchange processes can be identified 
by line-shape analysis (Figure 3) and may be associated 
with interconversion of the two d;astereoisomeric 
392 	378 	 conformations and slow inversion of one of these two 
6 diastereoisomers with its enantiomer. The other con- 
_O/ Of th e (1ifprpnienmer1( 
FIGURE 2 Observed (full line) and computed (broken line) 
spectra of (a) the quaternary aromatic carbons and (b) the C-S 
and C-7 methylene carbons of 5.6.7.12-tetrahyd rod ibenzo-
[a,d]cyclo-octene (4) at 0 °C: (a) and (b) k,. 11 s_i, PA 0.96, 
Ps 0.04. 
£UIIIIaLI'Ji1 	 _.--'-_- 
mixture and is not observable directly by 'H n.m.r. 
spectroscopy. Indisputable evidence for the presence of 
interconverting diastereoisomeric conformations of (4) 
in deuteriochioroform was obtained from the temper - 
__,i i__..._i_. ,sr' . 
Method 11.—A program 	* for exchange of nuclei 
between the pairs of sites Al and BI, A2 and B2, Al and 
A2, and B  and B2 in two AB systems. This program was 
used to simulate the 'H n.m.r. spectral line-shapes associated 
with the C-12 methylene protons of the hydrocarbon (4) 
between —5 and +42 °C. The exchange rate, k,, between 
the sites A2 and B2 t was assumed to be fast compared with 
the exchange rates, k,, and k 21 , between sites Al and A2, 
and B! and B2, and the exchange rate, k,, between the sites 
Al and B!. Thus, protons in sites A2 and B2 t give rise to 
a single line (AB2) at the average site chemical shift, whereas 
the protons in sites Al and BI give rise to a typical four-line 
ature-dependent Droatl-oanu uecuupieu 	11.111.5. speCLra  
(Figures 1 and 2). In particular, the broad resonances 
observed at 4-27 °C for (i) one of the constitutionally 
heterotopic pairs of quaternary aromatic carbons 
142.0 p.p.m.) and for (ii) C-S and C-7 (c  37.6 p.p.m.) 
became sharp singlets when the temperature was raised 
to ±40 °C and also when it was decreased to —40 °C. 
Although no signal was observable directly in the broad-
band decoupled "C n.m.r. spectrum at low temperatures 
for the minor conformation its presence has to be invoked 
to explain the temperature-dependent behaviour des- 
cribed in (i) and (ii) above. Thus, the exchange process 
The program numbers (viz. Land Ill) established in Part 3" 	- 	 S 	 S 	 -- 
will be adhered to in this paper; these programs will form the 
basis of a collection for reference in future Parts of this series. 
t It transpires (see Results and Discussion section) that the 
C-12 methylene protons in the minor conformation are homotopic 
and so the sites A2 and B2 are indistinguishable. Accordingly, 
in using program III, identical chemical shifts for the C-12 
methylene protons corresponding to sites A2 and B2 were em-
ployed. Under these circumstances the value chosen for k, is 
immaterial; in the event, k was fixed at 100 000 s 1 . 
which can be analysed by line-shape metnoas r1gure ) 
must be associated with the interconversion of two 
diastereoisomeric conformations. Table 1 gives chemical 
We thank Professor 1. 0. Sutherland for a copy of his program. 
' Part 4, D. J. Brickwood, W. D. 011is, and J. F. Stoddart, 
J.C.S. Perkin 1, 1978, 1385. 
" N. L. Auinger, M. T. Tribble, M. A. Miller, and D. H. Wertz, 




used have been described in Parts 1, 2 2," 3,10 4," and 6.1 
The computer programs (coded in FORTRAN IV) used to 
generate the theoretical line-shapes are now described for 
the general methods I and II. 
Method 1.—A program I ° for exchange of nuclei be-
tween two equally or unequally populated sites A and B, 
with no mutual coupling. One of the homotopic pairs of 
quaternary aromatic carbon atoms (i.e. either C.-4a and C-7a 
or C-ha and C-12a) in the hydrocarbon (4) gave a broad 
singlet in the broad-band decoupled 'C n.m.r. spectrum at 
room temperature which broadened further before sharpen-
ing up as the temperature was lowered (see Figure 1). Also, 
the singlet for the C-5 and C-7 methylene carbon atoms be-
came sharp as the temperature was lowered (see Figure 1). 
In both cases, spectral line-shapes were simulated at 0 °C 
using this program and assuming that a small amount 
(<5%) of a second conformation in a diastereoisomeric 
mixture was populating a second site not observable 
directly in the broad-band decoupled "C n.m.r. spectrum. 
Observed and calculated spectra are shown in Figure 2 for 
the hydrocarbon (4).  
1417 
AB system. In fact, with the hydrocarbon (4), the popul-
ation, p2 , of the sites A2 and B2 t was so low (<50/,,) that 
the singlet expected from these sites at temperatures where 
k, —p- co but k,, -. 0 was not observable directly in the 
experimental spectra. This problem was overcome by 
assuming that the signal corresponding to the average 
chemical shift for the sites A2 and B2 t was obscured by the 
Al portion of the A1B1 system. As k, 2 is increased, the B! 
portion of the AIB1 system was broadened additionally as 
compared with the Al portion in agreement with observ-
ation. Good matches between observed and calculated 
spectral line-shapes were obtained (i) when p, = 0.02 and 
(ii) h, = 0.5k 12 . Observed and calculated spectra are 
shown in Figure 3. 
Strain Energy Calculations—These were carried out on 
selected conformations of the hydrocarbon (4) using a 
program (coded in FORTRAN) based upon the procedure 
reported by Allinger et at." Details of the force field 
employed have been given in a recent review. 3 
RESULTS AND DISCUSSION 
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shift data from both 'H n.ntr. spectra and broad-band 
















FIGURE 3 Observed (full line) and computed (broken line) 
spectra of the C-12 methylene protons of 5,6,7,12-tetrahydro-
dibenzo[a,d]cyclo-octene (4): (a) at +42 °C, k 1 163 s', k 1 
100 000 s', k 326 s, p 0.98, p, 0.02; (b) at +29 'C. k 1 51 si, 
k 1 100 000 s', k 12 102 s_i, p1 0.98, p 2 0.02; (c) at +19 °C, k 1 
23.0 s, k, 100 000 s 1 , k 2 46.0 s', p 0.98, p, 0.02; (d) at 
+7 'C, k 1 7.0 s 1 , k 1 100 000 s', k 15 14.0 s_i. P1 0.98, p, 0.02; 
(e) at —5 'C, k 2.0 Si,  h s 100 000 s', h 1l 4.0 S 1 , P, 0.98, f.'2 0.02 
temperatures. Table 2 gives details of the site exchanges 
affecting the spectral line-shapes and the thermodynamic 
parameters associated with conformational changes. 
Conformations are conveniently described 13.,18  by using 
the usual + and - notation for torsion angles and referring in 
turn to the single bonds 4a,5, 5,6, 6,7, 7,7a, lla,12, and 12,12a 
numbering as in diagram (4)] of the eight-membered ring. 
Accordingly, the signs of these angles are listed below all con-
formational diagrams in this paper. 
These were derived by comparison (see Figures 2 and 3) 
of the observed and calculated spectra over a range of 
temperatures by methods I and II (see Experimental 
section). Good agreement was attained for the free 
energy of activation associated with the interconversion 
process between the two diastereoisomeric conform-
ations using methods I and II on signals arising 
from the previously identified 13C and 'H n.rnr. probes. 
Examination of molecular models of the hydrocarbon 
(4) focuses attention on the following conformations ° 
which appear to be relatively free from angle strain and 
torsional strain: (i) a pair of degenerate Chair t con-
formations C and C* (7a and b) with C, symmetry, 
(ii) a pair of degenerate boat conformations B and B' 
(8a and b) with C, symmetry, and (iii) a pair of enantio-
meric twist-boat conformations TB and TB* (9a and b) 
with C. symmetry. The B (8a and b) and TB (9a and b) 
conformations belong to a family of flexible Boat t 
conformations. Strain energy calculations (Table 3) 
demonstrate that the C (7a and b) and TB (9a and 
b) conformations correspond to ground-state conform-
ations and that the B conformations (8a and b) pro- 
dAl l :z:lis (la) C(.-.-.-) 
12 






NO TB (------ ) 	 (9b) TB ° (-..-..) 
vide relatively low energy (AE 5.29 kcal mol) 
transition states towards TB 	TB inversion. The 
C-12 methylene protons in the TB conformations (9a and 
f The description 'Chair' is non-specific and refers to both 
degenerate conformations (C and C) of the rigid chair type. 
Similarly, the description ' Boat' refers to any conformation of 




b) are homotopic and so cannot give rise to an AB 
system in the low temperature 'H n.m.r. spectrum of the 
hydrocarbon (4) even when TB TB* inversion is 
slow on the 'H n.m.r. time-scale. Thus, the minor 
conformation was assigned to the TB conformations 
(9a and b) and the major conformation was identified as 
the C conformations (7a and b). Protons designated H, 
TB (9) and the transition-state conformations TS1 (10) 
are summarised in the conformational itinerary depicted 
in Figure 4. Calculations (Table 3) indicate that the 
principal sources of strain in the TS1A conformation 
(lOa) arise from angle deformation (E9 ) and torsional 
strain (E) associated with eclipsing of the 5,6-bond. 
The second type of transition states TS2 (ha) and TS2* 
TABLE 2 
Site exchanges and thermodynamic parameters associated with conformational change in 5,6,7, 12-tetrahydrodibenzo- 
[a,d]cyclo-octene (4) 
Site AGI 
N.m.r. probe Program 	exchanges 	PA/P, PB/Ps kcal mor' kcal mol7l Process Comments 
C-4a,% or I A .-ss- B 0.98 0.04 1.73 14.7 b C -s Boat 
C-lla,12a 
C-5,7 I 	A - 	 B 	0.96 0.04 (0 °C) 14.7 C -si.. Boat 
CH,-12 III Al .-. A2 0.98 0.02 2.11 14.9 C -p. Boat Assumed 
BI -*. B2 (0 'C) . k (A2 	132) 
Al 	BI 15.3' C=C' 
Details of "C and 'H n.m.r. chemical shifts are given in Table 1. b Values obtained from "C n.m.r. line-shape analysis (see 
Figure 2). 'Values obtained from 1H n.m.r. line-shape analysis (see Figure 3). 
and H2 [see (7)] undergo exchange between sites Al and 
Bi during the degenerate C C inversion and give 
rise to the AB system in the 'H n.m.r. spectrum at low 
temperatures. Hence, a relatively high energy transi- 
tion state is associated with the Chair 	Boat inter- 
conversions necessary for C 	C* inversion. Mole- 
cular models show that the diastereoisomeric Chair and 
(hib) have C, symmetry and lie (see Figure 4) on the 
pathways B C* and  B* C, respectively. The 
third type of transition states TS3 (12a) and TS3'1' (12b) 
also have C, symmetry but this time lie (see Figure 4) 
on the pathways B - C and B* C*, respectively. 
Calculations (Table 3) show that both these types of 
transition state involve considerable angle deformation 
TABLE 3 
Calculated strain energies (ET/kcal mol') 6  of various conformations of 5,6,7,12-tetrahydrodibenzo[a,d]cyclo-octene (4) 
Conformation 	05.6 	 08.7 	 E, 	Ee 	E. 	 E,., 	ET 
C(7a) 	 -91.8° +91.9 0 0.04 1.11 3.34 0.08 	-0.57 4.00' 
B (8a) +75.00 	-75.0 1 	0.15 	7.80 	0.83 	0.08 0.44 	9.30 
TB (9a) 	 -58.3 ° -59.6° 0.08 2.75 0.54 0.39 	0.25 4.011 
TS1A (IOa) 6 	0.00 	-60.80 	0.36 	14.99 	3.03 	0.06 1.13 	19.57' 
TS2 (ha)' +108.00 -110.0 0 0.58 20.83 5.55 0.06 	-0.08 26.94 
TS3 (12a)' 	0.01 	0.0° 	0.31 	15.44 	7.01 	1.12 -0.29 	23.59 
The following energy terms (J. F. Stoddart, Organic Chemistry, Series One, Structure Determination in Organic Chemistry,' ed. 
W. D. 011is, Butterworths, London, 1973, p. 1) have been used: E, (bond length strain). Eo (angle strain), Ei, ( torsional strain), E8 
(out-of-plane strain in aromatic rings), E (non-bonded interactional strain); total strain energy ET = E, + Ee -4- E + E + E,5 ; 
for force constants and other empirical parameters, see Part 6.' b Defined by holding atoms 12, 12a, 4a, 5, 6, and 7 coplanar. 
'Defined by holding atoms 7a, lla, 12, 12a, and 4a coplanar. 'Defined by holding atoms 4a, 5, 6, 7, and 7a coplanar. 'If the 
difference (SET' 15.57 kcal moll) in strain energies between the C conformation (7a) and the TS1A conformation (lOa) is equated 
with then an approximate estimate for of 15.2 kcal mo1 follows from recognising that the transition state is favoured 
on entropy of mixing grounds by RIn 2 cal deg' mol' (i.e. there are two equivalent pathways for C .-p. TB interconversion involv-
ing chiral transition states). I  The calculation on the TB conformation (9a) allowed loss of C5 symmetry during the energy minimis-
ation procedure. The values for ,,, and indicate that the minimum energy boat conformation corresponds to a very slightly 
distorted TB conformation (9a). 
Boat conformations are interconvertible by three geo-
metrically definable pathways involving the three di-
astereoisomeric transition states TS1 (10), TS2 (11), and 
TS3 (12). The transition states of the type TS1 (10) 
lie on the Chair 	twist boat pathway and, depending 
on whether these transition states involve C* 	TB, 
C TB*, C TB, or C*  =w=tft  TB*  interconver-
sions, they are designated as TSJA (lOa), TS1At (lob), 
TS1B (lOc), or TS1Bt (lod). The pairs of conformations 
(i) TS1A (lOa) and TS1A*  (lOb) and (ii) TS1B (lOc) and 
TS1B* (lOd) are enantiomers. The pairs of conform-
ations (i) TS1A (lOa) and TS1B (lOc) and (ii) TS1A* 
(lOb) and TS1B (lOd) are degenerate. The relation-
ships between the ground-state conformations C (7) and 
(E9) and torsional strain (E) and both are appreciably 
higher in total strain energy (ET) compared with transi-
tion states of the type TS1 (10). Thus, Chair Boat 
interconversions of the hydrocarbon (4), in common 
with its heterocyclic analogues, 15 appear to involve TS1 
conformations (10) as transition states. 
Thermodynamic Parameters for Conformational 
Changes.-The free energies of activation for C -*. Boat 
interconversion and C C inversion in the hydro-
carbon (4) are given in Table 2. The fact that 
kc,c. = 0.5 kC...... Boat (see Figure 3) at all temper-
atures examined is consistent with the presence of inter-
mediate Boat conformations in the C C* inversion 
process. The value (GI,. = 14.7-14.9 kcal mol') 
interactional strain (E) between hydrogen atoms on C-6 
and C-12. Thus, although calculations on cis,cis-cyclo-. 
octa-1,4-diene and its dibenzo-analogue (4) predict the 
same conformational type for the more stable ground 
ON TSA(o-.-.) 	00W TS1A(o.-.-) 





- - _12 
ClOd TS18 (o-o.o-) 	OOd) 1513'  




(12o) 1S3 (.00--) 	 ON TS3(-go.-°) 
state of both eight-membered ring compounds, they 
lead to quite different conclusions regarding the con-
formational nature of the less stable ground state. This 
is not surprising in view of our findings 15  for 7,12-
dihydro-5H-dibenzo[c,f]thiocin (13) and 5,6,7, 12-tetra-
hydro-6-methyldibenz[c,f]arocine (14) where strain 
03)X:S 
1~:(Xp (15) X = NBut 
(14) X = We 
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for C -. Boat interconversion is in excellent agreement 
with the calculated value = 15.2 kcal mol' from 
Table 3) between the C (7a) and TS1A (lOa) conform-
ations. Thus, the involvement of TS1 conformations 
(10) in Chair Boat interconversions of the hydro-
carbon (4) is established. 
Variable temperature 'H and 13C n.m.r. spectroscopy 
has indicated that the C conformation (7a and b) is the 
major ground-state conformation and that the contri-
bution in solution from the minimum energy Boat 
conformation amounts to less than 4% at equilibrium. 
Strain energy calculations show (Table 3) that the 
minimum energy Boat conformation corresponds to a 
very slightly distorted TB conformation (9a). The C 
conformation (7a) is dcstabiliscd largely by torsional 
strain (E 1,) and to some extent by angle strain (Ee). 
The TB conformation (9a) is destabilised principally by 
angle strain (E8). Although this conformation (9a) is 
calculated as having the same total strain energy (ET) as 
the C conformation (7a), variable temperature n.m.r. 
spectroscopy shows (Table 2) that the C conformation 
(7a) is at least 1.73 kcal mol' more stable than the TB 
conformation (9a). Problems 1,3 inherent in the cal-
culation of angle strain (E8) might be responsible for 
this small discrepancy between observed and calculated 
parameters. Error margins of at least ±1 kcal mol' 
should be associated with total strain energies (ET ) 
particularly when their largest component is comprised 
of angle strain (E9). Strain energy calculations 12 on 
cis,cis-cyclo-octa-1,4-diene indicate that the minimum 
energy Boat conformation is a C conformation cor-
responding to the B conformation (8a) of the tetrahydro-
dibenzocyclo-octene (4). However, it only constitutes 
about 1% of the equilibrium mixture at room temper-
ature, the major ground-state conformation being the 
other C3 conformation corresponding to the C conform-
ation (7a) of the tetrahydrodibenzocyclo-octene (4). 
In this hydrocarbon (4), the B conformation (8a) cor-
responds to a transition state in which angle strain (E 8) 
is large mainly on account of the alleviation of nonbonded  
energy calculations indicate (i) a minimum energy Boat 
for the thiocin derivative (13) which lies fairly close to a 
TB conformation, and (ii) little energy difference 
between the various Boat conformations that he on the 
pathway TB 'rr.  B TB* B" for the azocine 
derivative (14). In addition, a crystal structure analysis 






FIGURE 4 Conformational changes in 
5.6,7, l2-tetrahydrodibenzo[ad]cyclooctene (4) 
.. .. 
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has shown 23 that 5,6,7,1 2-tetrahydro-6-t-butyldibenz-
[c,f]azocine (15) adopts a Boat conformation midway 
between B and TB type conformations. Clearly, the 
situation is a finely balanced one in relation to the myriad 
of flexible Boat conformations available to the eight-
membered rings of cis,cis-cyclo-octa- 1,4-diene, the 
" A. D. Hardy and F. R. Ahmed, Ada Cryst., 1974, B30, 1674. 
tetrahydrodibenzocyclo-octene (4), and its heterocyclic 
analogues [e.g. (13)—(15)]. 
We thank Dr. B. F. Taylor most warmly for his col-
laboration in recording the 13C n.m.r. spectra. We grate-
fully acknowledge financial support (to F. E. E.) from the 
British Council. 
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Conformational Behaviour of Medium-sized Rings. Part 8.' 6Hj2H,-
1 8H-Tri benzo [b, f,j] [1 ,5,9]trithiacycododecin and its 5,5,11,11,17,17-
Hexaoxide 
By W. David 011is, Julia Stephanidou Stephanatou, and J. Fraser Stoddart, Department of Chemistry. The 
University, Sheffield S3 7HF 
Michael Nógrádi, Institute of Organic Chemistry, Technical University, Budapest XI, Gellért tér 4, Hungary 
The temperature-dependences of the 'H n.m.r. spectra of 6H.1 2H,1 8H-tribenzo [b,f.j] [1 .5.9]trithiacyclododecin (7) 
and its 5.5,11,11,17,1 7-hexaoxide (8) have been interpreted in terms of ring inversions between enantiomeric 
helical conformations. The free energy of activation for conformational inversion in the cyclic trisulphide (7) is 
compared with that previously obtained for the ring inversion of the enantiomeric C, conformations of the parent 
hydrocarbon. 5.6.11,1 2.1 7.1 8-hexahydrotribenzo [a.e,i] cyclododecene (1). 
OUR earlier interest 2  in the conformational behaviour of 
twelve-membered ring systems encouraged us to investi-
gate the conformational properties of the hexahydro-
tribenzocyclododecene (1) 3  and its 2,3,8,9,14,15- (2) 
and 1,4,7,10,13,16- (3) 3,4  hexamethyl derivatives by 
dynamic 13C and 'H n.m.r. spectroscopy and strain 
energy calculations. Although the hydrocarbons (1)-
(3) are conformationally mobile in solution, they all 
exist 3  preferentially in ground state conformations 
with C. symmetry. The temperature-dependences of 
their n.m.r. spectra have been interpreted 3  in terms of 
ring inversion between enantiomeric C2 conformations 
and the barrier heights for this conformational change 
were found 3.4  to depend on the nature of the substituent 
atoms or groups at the ort/zo-positions of the aromatic 
rings. A comparison between the activation parameters 
for the hexahydrotribenzocyclododecene (1) and its 
2,3,8,9,14,15- (2) and 1,4,7,10,13,16- (3) hexamethyl 
derivatives shows 3  that approximately the same barrier 
(GX 9.9-10.1 kcal mol') is associated with ring 
inversion in compounds (I) and (2) whereas a much 
higher barrier (17.4 kcal mol') is associated with the 
same ring inversion process in compound (3). The 
activation parameters for the conformational changes 
experienced by the trisalicylides (4)—(6) in solution were 
also found 2  to correlate in a predictable manner with the 
Part 7, F. E. Elhadi, W. D. 011is, and J. F. Stoddart, 
preceding paper. 
W. D. 011is and 1. 0. Sutherland, Chem. Comm., 1966, 402; 
A. P. Downing, W. D. 011is. and I. 0. Sutherland, ibid., 1987. 
171; A. P. Downing, W. D. 011is, I. 0. Sutherland, J. Mason, 
and S. F. Mason. ibid., 1968,329; A. P. Downing, W. D. 011is. and 
I. 0. Sutherland, J. Chem. Soc. (B), 1970. 24.  
steric bulk of the various alkyl substituents occupying 
the ort/w-positions of the aromatic rings. Thus, the 
free energies of activation 2  for ring inversion and inter-
conversion processes are considerably less for tri-3,6-
dimethylsalicylide (4) than they are for tri-o-thymotide 
(5) or tri-o-carvocrotide (6). However, whereas the 
hydrocarbons (1)—(3) adopt 3.4  only one conformation 
with C, symmetry in solution, both helical (Cl symmetry) 
and propeller (C, symmetry) conformations are present 2 
at equilibrium in solutions of the trisalicylides (4)—(6) 
with the more symmetrical propeller always preferred. 
In the light of these results it was of interest to discover 
the effect on the conformational behaviour of the twelve-
membered ring when single methylene groups in the three 
dimethylene bridges of the hexahydrotribenzocyclo-
dodecene (1) are replaced by heteroatoms in a con-
stitutionally symmetrical manner. The first com-
pounds of this type we chose to study were the readily 
available trithia-analogue (7) of the hydrocarbon (1) and 
the easily derived cyclic tris-sulphone (8). The cyclic 
trisulphide (7) is obtained, together with the dithiocin (9) 
and higher oligomers including the' cyclic tetra- and 
penta-sulphides, when o-mercaptobenzyl chloride (10) 
reacts 5  with sodium hydroxide in ethanol. Oxidation 
of the cyclic trisuiphide (7) with hydrogen peroxide in 
glacial acetic acid afforded the cyclic tris-sulphone (8). 
In this paper, we report the results of our investigations 
' Part 6, D. J. Brickwood, W. D. 011is, J. S. Stephanatou, 
and J. F. Stoddart, J.C.S. Perkin 1, 1398. 
' D. J. Brickwood, W. D. 011is, and J. F. Stoddart, J.C.S. 
Chem. Comm., 1973, 638. 
G. W. Stacey, F. W. Villaescusa, and T. E. Wollner, J. Org. 
Chem., 1965, 30, 4074. 
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that the paired spins are separated antipodally in the cycle. 
It follows that there are two and only two cycles of 
numerals, (123123) and its inverse (132132), and two and 
only two cycles of letters, (AAABBI3) and (ABABAB). 
There is one and only one combination of (123123) and its 
inverse with (ABABAB); there are three and only three 
combinations of (123123) and its inverse with (AAABBB). 
Consequently, there are four and only four combinations 
which can be expressed by the following mappings: 
11231231 11231231 11231231 1123123 
1ABABABJ 1AAABBBI 1,BAAABBJ 1BBAAAB 
and the inverses. The situation can be visualised easily in 
terms of the pair-wise superposition of hexagons: 
: 	 : : : :O: 
~ A B A BOA AOA 
 
BOB BOA B A B B 
from which the four site exchange schemes: 
82 
,.A1-.., 
83" 	'A2 83" 	A2 B3" "82 
11' 	II' It. II' 0 11' U 	II' 
A2.,., .A3 B2 	,.A3 82 	A3 A2 A3 
(I) NO (iii) (Iv) 
can be written down. Figure 1 shows the density matrix 
elements associated with each transition and the rate 
constants associated with each site exchange of nuclei 
between the six sites Al, BI, A2, B2, A3, and B3 of the three 
AB systems corresponding to the site exchange schemes 
(i) —(iv). The density matrix approach 10-12  was used to 
examine all four site exchange schemes. Attempts to 
perform line-shape analysis on the temperature-depenclen-
dent 'H n.m.r. spectra (Figure 2) of the cyclic trisuiphide 
(7) indicated that only the computer program constructed 
on the basis of site exchange scheme (iv) provides good 
matches between computed and experimental spectra. The 
temperature-dependent 1H n.m.r. spectra of the cyclic 
tris-sulphone (8) were amenable to line-shape analysis using 
site exchange schemes (ii)— (iv). The method of comput-
ation will now be illustrated for site exchange scheme (iv). 
k 	2 -'- k 	3_b 	1_ / 	1_ 	I/ 21P13 	U 31P13 	12P13 	?)3j3 	P13 1 j ZA1 
—21rip131(vAl - + Ui) + ip121rtJ1 -- p,i C = 0 (1) 
k 	1 	k 	A 	'—k 	2_ 1/ 12P13 V 32P12 - 21P13 	23P13 	P13 If 2A2 
27tip, 3 ' (vA2 	v + U2) + ip121rJ2  + p,iC = 0 (2) 
1 	1, 	2 	k 	3—k 	
- 	
31 
13P13 T 23P12 - 21P13 	32P13 	P13 I /  3A3 
—2lrip,33(VAS - v + 1J3) ± ip 1237rJ3  + p3iC = 0 (3) 
k21 p 122  + k31 p 12 3 - k 12p 2 ' 	k13p12' - P',21t,Bi 
—2rip12 ' (vs, - v + 4J0 + ip,3'rJ,  + p,iC = 0 (4) 
k 12p 22' + k32 p 13 3 - k21p122 - k23p,2 - P12 2/t2132 
— 27rip,22(vj2 - v + 4J2) + ip13tJ2  + p2iC = 0 (5) 
A' 	I J A' 	21, 	31, 	3_ 	3/ 13P22 	I 	23P13 	31P12 	32P12 	P13 / 12B3 
271jP12 3 (VB3 - v + U3) + 4133713 + p3iC = 0 (6) 
For three AB systems undergoing the exchange of nuclei 
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FIGURE 1 The site exchange schemes (i)—(iv) for exchange of 
nuclei between six sites (Al, Bi, A2, B2, A3, and B3) of three 
AB systems. The density matrix element corresponding to 
each transition is indicated. The doubleheaded arrows 
represent site exchanges with the appropriate rate constant 
given alongside each arrow 
density matrix approach 10-12  gives two sets of six simultane-
ous equations in the density matrix elements for the twelve 
allowed transitions corresponding to the twelve lines observed 
in three AB systems. The first set of six simultaneous 
equations involves the density matrix elements P12 1 ' P122, 
P123 ' P13" P13 2 ' and  p,3.  The subscripts have their usual 
significance in referring to spin states; the superscripts 
1, 2, and 3 refer to the three different AB system in scheme 
(iv) in Figure 1. By considering the effects of the site 
exchanges shown in scheme (iv) in Figure 1 upon the basis 
functions, the simultaneous equations (1)—(6) in p  para-
meters may be obtained for ' steady-state ' conditions 
(ap21/e1 = 0, etc.). A second set of six simultaneous 
equations may be obtained in the density matrix elements 
P24" P242 ' P14 3 ' P34" p34 2 , and p34 which differ from the first 
set [(1)—(6)] only in the sign of the J parameters. These 
twelve complex simultaneous equations were solved for the 
R1 
(1) R1 aR 2.Me 
R-  
R'cCHMe 2 , R 2 .H 
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on the conformational behaviour of the cyclic trisuiphide 
(7) and tris-sulphone (8) in solution by dynamic 'H n.m.r. 
spectroscopy. Part of this investigation has been the 
R 2 
	
R2rj 	R' o 
6 	
ii 
X5 	12J6 12L,)13 R2 
I 
13 	is 2 17 16 	R 
13 &2 
R 2 
XCH21  R 1°RH 
X°CH 2 , R1 HRMe 
XcCH 2 . RMe,RH 
XS , RR 2°H 
Xa SO 2 , R 1 .R 2a H 
S —),~) 	 SH 
(OCH2 c 
(10) 
subject of a preliminary communication 6 and has also 
been discussed briefly in a recent review 7 on the con-
formational behaviour of some medium-sized ring 
systems. In addition, one of us has described 8 the X-
ray crystal structure of the cyclic trisulphide (7). 
EXPERIMENTAL 
The general methods have been discussed in Parts 3 
and 6. 
Reaction of o-Mercaplobenzyl Chloride (10) with Sodium 
Hydroxide in Eihanol.'—A solution of o-mercaptobenzyl 
chloride (10) 5 (10.1 g) in ethanol (1 1) was added during 4 h 
to a solution of sodium hydroxide (25 g) in ethanol (1.5 1). 
Evaporation of the solvent was followed by repeated 
extraction with chloroform. The chloroform solution was 
evaporated and the residue was subjected to column 
chromatography on silica gel using benzene.-light petroleum 
(b.p. 60-80 °C) (1: 4) as eluant. Fraction 1 corresponded 
to the cyclic disulphide, 6H,12HdibenzO[b,f][1,5]dIthi0c 
(9) (2.1 g, 27%), m.p. 170-173 ° (lit.,' 174-176°). Fraction 
2 corresponded to the cyclic trisuiphide, 6H,12H,18H-
lribenzo[b,f,j][1,5.9]trithiaYcb0db0dte6? (7) (0.5 g, 6.4%), m.p. 
197-198° [Found: C, 68.6; H, 5.9%; .11'I (mass spec.), 
366. C,,H 18S3  requires C, 68.8; H, 4.95%; M, 366], 
'r(CS,) 2.30-2.96 (12 H, in, aromatic) and 5.51 (6 H, s, 
3 x CH,). However, t.l.c. of the original reaction mixture 
• The program numbers (viz. I—V) have been established in 
Parts 3,8  6, 3 , and 7 1 and this present program (i.e. VI) represents 
the latest addition to the series; programs 1—VI will form the 
basis of a collection for reference in future Parts of this series. 
W. D. 011is, J. F. Stoddart, and M. Nográdi, Angew. Chem. 
Internet. Edn., 1975, 14, 168. 
W. D. 011is, J. F. Stoddart, and I. 0. Sutherland, Tetra- 
hedron, 1974, 80, 1903.  
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on silica gel using benzene-light petroleum (b.p. 60-80 °C) 
(2: 3) as eluant indicated the presence of two slower moving 
components in addition. These were separated by pre-
parative tic. on silica gel using this solvent system as 
eluant to give (i) the cyclic tetrasulphide, 6H,12H,18H,-
24H-tetrabenzo[b,f,j ,n][l ,5, 9,1 3]tetrathiczcyclohexadecifl, 
obtained pure after recrystallisation from chloroform-
ether-light petroleum (b.p. 60---80 °C) (210 mg, 2.8%), 
m.p. 195-196° [Found: M (mass spec.), 488.076 3. 
C,,H,4S4 requires M, 488.076 1], 'r(CDCI 3) 2.46-2.90 (16 H, 
m, aromatic) and 5.84 (8 H, s, 4 x CH,), and (ii) the 
cyclic pentasulphide, 6H, 1 2H, 1 8H,24H, 30H-pentabenzo-
[b,f,j ,n,r][1 ,5,9,13,1 7]pentathiacycloeicOSifl. which was re-
crystallised from light petroleum (b.p. 60-80 °C) (120 mg, 
1.5%), m.p. 120-122 ° [Found: M (mass spec.), 610.094 9. 
C,,H30S, requires M, 610.095 1], (CDCl,) 2.54-3.00 (20 H, 
m, aromatic) and 5.83 (10 H, s, 5 x CH,). 
6H, 1 2H, 1 8H-Tribenzo[b,f,j][ 1, 5,9]trithiacyclOdOdeCin 
5,5,11,11,1.7,17-Hexaoxide (8)—Acetic acid (10 ml) and 
30% hydrogen peroxide (5 ml) were added to a solution of 
the cyclic trisuiphide (7) (60 mg) in chloroform (10 ml) and 
the mixture was refluxed for 3 days. On cooling, the 
cyclic tris-suiphone (8) separated as a crystalline compound 
(55 mg, 73%), m.p. >305°  [Found: C, 54.7; H, 4.25; S. 
20.6%; lv! (mass spec.), 462. C,,11, 808S, requires C, 
54.5; H, 4.05; S, 20.8%; M, 462], 'r(CD,Cl,-CF 3CO,H) 
1.56-2.38 (12 H, m, aromatic) and 4.62 (6 H, s, 3 x CH,). 
Determination of Rates of Conformational Changes by 
Dynamic 'H N.m.r. Spectroscopy.—A program VI 
for exchange of nuclei between all six sites of three AB 
systems, A1131, A2B2, and A3B3 was written (coded in 
FORTRAN IV) using simultaneous equations obtained from 
a density matrix approach.'°' This program was used to 
simulate the 1 H n.m.r. spectral line-shapes associated with 
the methylene protons of the cyclic trisuiphide (7) 
between -36 and -106 'C and (ii) the methylene protons of 
the cyclic tris-sulphone (8) between -77 and + 6 °C. 
The problem in relation to the spectral line-shapes for 
compounds (7) and (8) can be stated as follows. The con-
formational itinerary (see Results and Discussion section) 
dictates (I) that each of the six sites is visited by each of the 
six methylene protons HC , HD, HE, HF, HG, and H, and 
that the site visits can be represented by two cyclic 
permutations. It transpires that a clockwise sequence of 
site visits on the conformational itinerary leads to one cyclic 
permutation (CFHDEG) (read: C is replaced by F, F is 
replaced by H.....G is replaced by C). The other cyclic 
permutation (CGEDHF) is the inverse of the first and cor-
responds to an anticlockwise sequence of site visits on the 
conformational itinerary. It is now necessary to enumerate 
all cyclic permutations of six spins which can be made to 
correspond with these two cyclic permutations of protons 
given the restriction that the six spins consist of three paired 
systems. Each spin system will be designated by a numeral 
(1, 2, or 3) and each spin in a pair by a letter (A and B). By 
definition, C is paired with D. E with F, and G with H. 
Reference to the two cyclic permutations of protons shows 
8 L. Párkányi, A. Káimán, and M. Nográdi, Ada Cryst., 1975, 
B31, 2716. 
8 Part 3, W. D. 011is and J. F. Stoddart, J.C.S. Perkin I, 
1976, 926. 
10  J 	Kaplan, J. Chem. Phys., 1958. 28. 278; 1958, 29, ' 462. 
11 S. Alexander, J. Chem. Phys., 1062, 37, 907, 974; 1963, 38, 
1787: 1964, 40, 2741. 
" C. S. Johnson, J. Chew. Phys., 1964,41,3277; Adv. Magnetic 
Resonance, 1965, 1, 33; J. Magnetic Resonance, 1969, 1, 98. 
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p parameters at each input value of the frequency v by use 
of a MASTER SIX SITE computer program. Values for 
the site frequencies VA,, y,, VAS VB11 VB$, and VBC, the popul-
ations p,, p2, and p3  and relaxation times tsAi' 11A2' tL&3 
12B1,  tsB2 and tsBS were obtained initially from chemical 
(U 
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k,,,, k, and k, 3 . Since the input values for all these rate 
constants were the same in the present instances, they will 
be referred to collectively as k. A spectrum consisting of 
the absorption intensities at 500 values of v required a 
computing time of only 46 S on an I.C.L. 1907 computer. 
The density matrix approach be applied to schemes 
(i)_(iii) in Figure 1 in analogous fashion to that described 
for scheme (iv). 
RESULTS AND DISCUSSION 
The 'H n.m.r. spectrum of the cyclic trisuiphide (7) in 















Al 	AZ A3 	f0 B2 
-106°C 
'4.43 	461 553 	5.99 6.02 6.18 
FIGURE 2 Observed (full line) and computed (broken line) 
spectra of the methylene protons of 81i,12H,lSH-tribenzo-
[b,f,j][1.5,9]trithiaCYClododecifl (7) using program VI for ex-
change of nuclei between six equally-populated sites Al, B1, 
A2, B2. A3, and B3 (the input values for all the rate constants, 
k, 1 , etc., were the same so they will be referred to collectively as 
k): (a) at -108 °C, k 5.5 s'; (b) at -92 °C, k 17.5 s'; (c) at 
-87 °C, k 47.2 s'; (d) at -82 °C, k 75.2 s'; (e) at -77 °C, 
A 173 s'; (f) at -71 °C. k 345 s'; (g) at -81 °C. k 1 318 s'; 
(h) at -50 °C,k 3 830s'; (i) at -36 °C, k 19 500s' 
shifts, relative intensities, and half-peak widths for the 
individual signals of the three AB systems in the low 
temperature spectra. The absorption intensity at 
frequency v is proportional to the imaginary part of p/' 
for all the twelve allowed transitions. Solutions to the 
simultaneous equations for a range of values for v which 
cover the appropriate region of the spectrum give line shapes 
for selected input values of the rate constants k, x, k,,, k,, 
Temperature-dependent 'H n.m.r. spectral parameters 
(100 MHz) for compounds (7) and (8) 
Corn- 	 Temp. 
pound X 	Solvent 	(°C) 	Group 	'r (f/Hz) 
(7) 	S CS, 	-106 C3H 2.30-2.96 (m) 
CH, 4.43 (Al), 6.02 
(BI) (J 9.0) 
4.61 (A2), 6.18 
(J 9.0) b 
5.53 (A3), 5.99 
(J 9.0) b 
	
-36 	CH, 2.30-2.96 (m) 
CH, 5.51 (AB123) 




CH, 3.64 (Al), 5.24 
(BI) (J 15.0) 
3.86 (A2), 5.35 
(132) (j 15.0) 
4.12 (A3), 5.37 
(B3) (J 15.0) 
+30 	C3H4 1.56-2.38 (m) 
CH, 4.62 (AB123) 
Sites are designated Al, B1, A2, B2, A3, and B3 for six-site 
systems where there is coupling in the form of three AB 
systems. Sites that represent six time-averaged signals are 
designated AB123. 6  The three AB systems were identified 
unambiguously by homonuclear INDOR spectroscopy (see 
text). C The assignment of the pairing of these three AB 
systems is arbitrary. 
Table 1). Three AB systems for the six methylene 
protons were identified (see Figures 2 and 4) at -106 °C 
and the pairing of each AB system was established by 
homonuclear INDOR spectroscopy (Figure 4). The 
three AB systems coalesced to give a sharp singlet at 
-36 °C and above. This observation indicates that the 
ground-state conformation of the cyclic trisulphide (7) 
has C, symmetry. Temperature-dependence was also 
observed (see Table 1) when the 'H n.m.r. spectrum of 
the cyclic tris-suiphone (8) was examined in dichloro-
dideuteriomethane containing a few drops of trifluoro-
acetic acid. At +30 °C, a sin glet was observed for the 
six methylene protons. On cooling to -77 °C, the 
singlet was resolved into three AB systems. Thus, the 
ground-state conformation of the cyclic tris-sulphone (8) 
must also have C, symmetry. The pairing of the three 
AB systems given in Table 1 is arbitrary since all 
attempts to unravel the coupling pattern by (i) spin-spin 
decoupling and (ii) homonuclear INDOR spectroscopy 
were unsuccessful on account of the insoluble nature of 
the sample at low temperatures. However, because of 
the relatively large chemical shift differences between the 
1978 
A and B protons in all cases, the theoretical line-shapes 
(see later and Figure 3) are in fact quite insensitive to the 
actual assignment of AB systems to chemical shifts. 
Acceptance of the requirement for ground-state 
conformations with C1  symmetry and examination of 
molecular models suggest that the molecules (7) and (8) 
both adopt helical conformations (cf. ref. 2) in solution. 
There are two enantiomeric conformations of this type 
(ha and b) and they will be referred to by the des-
criptors H and H. These conformations are analogous 
to the C2 and C2° conformation 3.4 of the hydrocarbons  
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consideration of the H 	H' inversion process. The 
itinerary of H 	H' inversion processes which are 
required to exchange the six methylene protons of (7) and 
(8) with the six different sites conveniently labelled 1-
OUT, 1-IN, 2-OUT, 2-IN, 3-OUT, and 3-IN is shown in 
Figure 5. The sites occupied by the three pairs of 
diastereotopic methylene groups have been labelled by 
the numbers 1, 2, and 3 in an arbitrary fashion. Further-
more, the protons are considered to occupy IN or OUT 
sites depending on whether they are oriented inside or 
outside the diagrams in Figure 5. This notation is 
AB123 
• 6°C 
---------- 	 - 	
6°C 
- 






¶3.64 	3. 6 	4.12 
	 51.24 535 5.37 
FIGURE 3 Observed (full line) and computed (broken line) spectra of the methylene protons of 
6H,12H,1SH-tribenzo[b.f][1,5,91-
trithiacyclododecin 5,5,11,11,17,17-hexaOXide (8) using program VI for exchange of nuclei between six equally-populated sites Al, 
Bi, A2, B2, A3, and B3 (the input values for all the rate constants, k 11 , efc., were the same so they will be referred to collectively as 
k): (a) at —77 °C, h 3.7 s'; (b) at —55 °C, ) 44.6 s'; (c) at —6 °C, k 2488 s'; (d) at +6°C, k 
3 558s' 
(l)—(3). In common with these hydrocarbon molecules 
where none of the more symmetrical D3 and D3 con-
formations were detected in solution, the molecules (7) 
and (8) do not appear to populate the more symmetrical 
propeller conformations with C3  symmetry to any 
extent in solution. Formally, there are two enantio-
meric conformations of this type (12a and b) which can 
be recognised with molecular models and they can be de-
noted by the descriptors P and The conformational 
inversion and interconversion processes involving these 
enantiomeric and diastereoisomeriC conformations are 
represented by the equilibria P H H* P* 
in a manner reminiscent of the case of the trisalicylides 
(4)_(6).2 However, in order not to complicate unneces-
sarily the problem involving the site exchanges between 
the six sites and the protons of the three pairs of diastereo-
topic methylene groups in the H and H" conformations 
(ha and b), the discussion will now be limited to a 
necessary because a unique assignment of protons to the 
sites Al, BI, A2, B2, A3, and B3 is not possible and an 
arbitrary assignment could be misleading (see Experi-
mental section). If the identity of the protons in Figure 
5 is established using subscripts C, D, E, F, G, and H, 
then the six diastereotopic protons H, H, H 5 , H, H0, 
and HH can be associated with the six different options 
corresponding to three degenerate H conformations 
[(lla)—I, (lla)—II, and (hla)—III] and three degener-
ate H" conformations [(llb)—I, (llb)—II, and (lib)—
III] in Figure 5. Simultaneous torsion about a carbon-
sulphur (e.g. 4a,5) and a carbon-carbon (e.g. 6,6a) bond 
linking a particular X-CH 2  group to two aromatic rings 
(e.g. those defined by atoms 1, 2, 3, 4, 4a, 18a and Oa, 7, 
8, 9, 10, lOa) can formally lead to H H" inversion. 
Previously, we have likened this synchronous torsional 
change to a pedalling motion. Pedalling of the X-CH 2 
bridges II or III of H-I, I or III of H-Il, I or II of H-Ill 
--.- 	 .- 
J.C.S. Perkin I 
of activation for the H 	H* inversion process were 
determined at different temperatures. Table 2 records 
1426 
effects H 	H° inversion such that H-I is inverted to 
either H*_III  or H°-II, H-II to either H-III or H°-I, 









and H-Ill to either H*_Il or H*_.I. From a consider-
ation of Figure 5 it is obvious that each one of the six 
protons visits a particular site in the order: 
H 
H 	H 11G 11F 
HE 	H  
H0 
This cyclic array determines (see Experimental section) 
the two cyclic permutations [(CFHDEG) and its inverse 
(CGEDHF)] which lead to the four possible site exchange 
schemes (i)—(iv) involving sites Al, Bi, AZ, B2, A3, 
and B3 observable in the low temperature 1H n.m.r. 
spectra (see Figures 2 and 3) of compounds (7) and (8). 
Inspection of Figure 5 in relation to the site exchange 
schemes (i)_-(iv) shows that the H 11* inversion 
process is associated with a first-order rate constant k 
which in turn may be related directly to the site exchange 
rate constants k 12 , k 21 , k 13 , k 31 , k,,, and k,,. The rate 
constants for H H* inversion at different temper-
atures were determined (see Figures 2 and 3) for com-
pounds (7) and (8) by comparing 'H n.m.r. spectra for 
the methylene protons in each case with theoretical 
spectra generated by the line-shape procedure outlined 








5.99 ' .O2 6.18 
FIGURE 4 Assignment of the three AB systems, AIBI, A2132, 
and A3133 of OH, 1 2H, 1 8H-tribenzo[b,f,jJ[1 5,9]tnthiacycf 0-
dodecin (7) by hornonuclear INDOR spectroscopy. An 
observing frequency vet, monitors a single spectral line while a 
second irradiating frequency sweeps the spectrum. When 
jrr, crosses a spectral line which has an energy level in common 
with the observed spectral line, a positive (+) or negative (-) 
intensity change occurs depending upon the sign of the general-
ised Overhauser effect. The following information can be 
gleaned from the INDOR spectra (a)—(g): 
Line 	Lines exhibiting 
Spectrum 	observed intensity change 
6 	 7(+): 8(—) 
5 7(—); 8(+) 
4 	9(+); 10(—) 
3 9(—); 10(+) 
2 	 7(+); 8(—) 
1 7 (—); 8 (+) 
the average values of LG (H 	H*) for compounds 
(7) and (8). 
TABLE 2 
Thermodynamic parameters associated with H 
inversion in compounds (7) and (8) 
Corn- 	 'H N.m.r. 	AG/kcal 
pound X 	 Solvent 	probe rnor' 
S CS, 	 CH, 	9.3 ± 0.2 
SO, CD,C1,—CF,CO 3 H (10: 1) 	CH, 11.3 ± 0.4 a 
Details of the 'H n.m.r. chemical shifts are given in Table 1. 
The site exchanges involving sites A). Bl, A2. 132, A3. and B3 
are described in the text with reference to Figures 1 and 4. 
Line-shape analyses were carried out using program VI. 
Value obtained from 'H n.rn.r. line-shape analysis (see Figure 
2). d  Value obtained from 'H n.,n.r. line-shape analysis (see 
Figure 3). 
HconformatiOfl (11 b) 































1-OUT 1-IN 2-OUT 2-IN 3-OUT 3-IN 
H-Ill H0 H0  HE HIP H0 H 
H*I HF HE H0 H5 H0 H0 
H-IT HE H0 H0 H0  HF HE 
Itinerary 	HO-III H0 H0 HP HE HR H0 
H-I HE HF HE H0 H0 H0 
H*II H0 H5 H0 H0 HE H 
FIGURE 5 	The itinerary of H 	HO inversion processes required to exchange the six different methylene protons H0. HD, H5, H, 
H0 , and H5 with the six different sites 1-OUT, 1-IN, 2-OUT, 2-IN, 3-OUT, and 3-IN in the cyclic trisulphide (7) and the cyclic 
tris-sulphone (8) 
1428 
Molecular models of the cyclic trisulphide (7) and the 
cyclic tris-sulphone (8) reveal that two diastereoiso-
meric transition states to H H inversion need to be 
considered in each case. These are the TS1 (13) and 
TS2 (14) conformations which differ as a result of 
pedalling of an appropriate CH 2X group in an H (11 a) or 
H (lib) conformation in opposite directions. In the 
TS1 conformation (13) the methylene group passes 
through the interior of the ring whereas in the TS2 
conformation (14) a sulphur atom or suiphone grouping 
experiences this transformation. In the diagrams (13) 
and (14) the portions of the molecule indicated by 
thickened bonds are coplanar in each case. Attempts to 
manipulate CPK space-filling molecular models demon-
strate that the passage of either a sulphur atom or a 
sulphone grouping through the interior of the ring is a 
highly unattractive proposition compared with an 
internal passage of a methylene group. Thus, only the 
TS1 conformation (13) in each case is worthy of further 
consideration. The fact that the free energy of activ-
ation for H H* inversion in the cyclic trisuiphide is 
not much smaller (indeed only by 0.8 kcal mol') than 
the barrier of 10.1 kcal mol' for C2 C2'' ring inver-
sion in the analogous hydrocarbon (1) is of particular 
interest. If the transition state conformation for 
H H* inversion in the cyclic trisulphide (7) is 
indeed of the TS1 type (13) then any conjugative 
stabilisation of the TS1 conformation (13) as a result of 
electron delocalisation between the lone pairs on sulphur 
and the n-system of the aromatic rings is rather small in 
energy terms. 
J.C.S. Perkin I 
Finally, it should be noted that the asymmetrical 
helix conformation (ha and b) which has been estab-
lished as the only observable ground-state conformation 
~ Q H 
TS1 conformation (13) 
'0~4H 
(14) 
I? . C H H H JHJ 
K 
of the cyclic trisulphide (7) in solution also corresponds  
to the solid-state conformation of the molecule (7). 
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On the Stereochemistry of Nonco'alcnt Interactions 
in Organic and Metal Cationic Complexes 
Sir: 
Constitutional modificatio& 2 of 18-crown-6 (1) to incor-
porate a variety of structural units—mainly rigid "flat" resi-
dues—has led to a series of crown compounds whose free 
energies of association with t-BuNH 3 SCN in CDCI 3 can 
be correlated additively with empirically derived parameters 
for a number of different noncovalent interactions in the cat-
ionic complexes. There is evidence, 3-6 however, that stereo-
chemical factors can also play a significant role in determining 
the stabilities of both organic and metal cationic complexes in 
appropriately modified I 8-crown-6 derivatives. The data 4-9 
summarized in Table I reveal that the association constants 
and the corcesponding free energies of eomplexation for 1:1 
complexes formed'J° between tBuNH3+SCN  in CDCI3 and 
the isomers 2-4 of dicyclohexano-18-crown-6, 3 and the 18-
crown-6 derivatives a-D-6-a-D-8 incorporating suitably sub-
stituted glucose,4-6 galactose,4-6 and mannosc6 residues, are 
considerably less than the corresponding K a and AG values for 
1 and i-BuN H 3 SCN in CDCI 3 . Table II draws attention 
to the fact that an analogous situation exists for the 1:1 com-
plexes formed between sodium, potassium, rubidium, and ce-
sium chlorides in MeOH and 2-5. In each case, the extent of 
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with I is expressed as AAG values. The following general ob-
servations in addition to those already discussed 3-5 " 3 can be 
mthe: (I) fusion of either one or two diametrically opposed 
six-membered rings to I reduces its complcxing ability; (2) 
introduction into 1 of trans-fused ring junctions, as in 4. 5, 
a- D -6, fl-D-6, a - D -7, and fl-D-7,  or of cis-fused ring junctions 
associated with an anancomeric system (viz., a- D-8) has a more 
drastic effect upon complex strengths than does the intro-
duction of confoimationally "flexible" cis-fused ring junctions 
as in 2 and 3. There is the question of whether the sizable iG 
values in Tables I and II are caused by enthalpy or by entropy 
effects. Approximately uniform increases in translational and 
rotational entropy, as a result of the displacement of solvent 
molecules from the cations and the crown ethers, as well as 
from changes in the ion-pairing pattern, are antici-pated to 
operate for both formation of the organic and metal complexes. 
Possibly, the most important entropic contribution to corn-
plexation is the decrease in the rotation freedom component 
about bonds that attend adoption of the "oil-gauche-
0CH 2CH 20" conformation in the complex. Significant de-
creases in entropy are observed 712 on coniplexation of 1-
BuN1-1 3 ions. (footnote din Table I) and Na and K ions 
........................................ 
	 ..... 
Table 1. The Association Constants (K) and Free Energies of 	
Down 
CompIcxaton (AG) for the Formation of 1:1 Complexes between 
Up 
t-BuNI13 4 SCN and 18-Crown-6 (1) and the Derivatives 2-4 and 
a-D-6-o-D-8 
K a,° log L G.b AAG, 1  
crown M' K a kcal/rnol kcal/inol 
18-crown-6 (1) 3 000 000C 648d _880d 
cis-syn-cis 17 000e.9j  4.23 -5.75 3.05 
isomer (2) 
cis-anti-cis 900 OoOfi 5,95 -8.09 0.71 
isomer (3) 
trans-syn-trans 7 10011 3.85 -5.23 3.57 
isomer (4) 
a-D-glucoside 2 000h,j 3.30 -4.49 4.31 
(a-D-6) 
fl- D-glucoside 1 300' 3.11 4.23 4.57 
(fl-D-6) 
a-D-galactoside 201 000"J 5.30 -7.21 1.59 
(a- D-7) 
fl-D-galactoside 5 800' 3.76 -5.11 3.69 
()3-D-7) 
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a Obtained for the equilibrium, t-BuNl3SCN + crown - 
13uNH3-crownSCN, in CDCI3at 20-25°C by a 'H NMR spec-
troscopic niethod 1,10 after equilibration experiments involving the 
crown and t-BuNH3SCN between CDCI3 and D20 phases. b  The 
I5.LG values correspond to the differences in the AG values between 
the particular crown and 18-crown-6 (1). C  Value from ref 1. d  Values 
for log K a, G, A H, (kilocalories/mole), and Tz..S (kilocalories/mole) 
determined ca lori metrical ly 7  in MeOH at 25 °C for i-BuN H3l are 
2.90, -4.00, -7.76, and -3.8, respectively. We thank Professor lzatt 
for allowing us access to these results prior to their publication. e  Value 
from ref 8. 1  Value from ref 9. g  For a mixture of isomers, Ka = 
360 000, is reported.' h  Values from ref 4 and 5. 'Values from ref 6. 
I The values which were reported originally 4 ' 58 '9 have been corrected 
on the basis of a revised value' for the distribution constant for 1-
BuNH 3 +SCN_ between the two phases. Since they were also mea-
sured on "scale C", they have been "corrected" (cf. ref 1) by dividing 
the experimentally determined value by 2. 
(footnotes d and e in Table II) by I in MeOH. Thus, the LLsH 
values for complexation are higher in magnitude than the zG 
values for complexation. It seems likely that lower enthalpy 
changes rather than very large decreases in entropy on corn-
plexation of cation by 2-a-D8 are responsible for their lower 
free energies of complexation. It is to be expected 157 that 
electrostatic interactions, including hydrogen bonds, will ex-
hibit directional characteristics. Thus, small conformational 
differences within the "all-gauche- OC H2C H20" framework 
of the 18-membered ring might account for the observed 
changes in the zG values as additional ring systems are fused 
to the macroring as in 2-5 and in a-D-6-a-D-8. An overview 
notation 18 has been employed in the formula representations 
of these crown ethers and 1 because it serves to highlight the 
H r OR 
 0 	 9 R  
o I 10, RTs 
H 	
OR 
following important stereochemical differences. (1) Host 1 can 
adopt the diamond lattice "all-gauche-OCH2CH20" con-
formation with D3d Symmetry 14,19 that leads to efficient 
complexation of cations. It also undergoes ring inversions 20 that 
are rapid relative to the rate of the decomplexation process. 2 ' 
Thus, I can be described 19 as a g±gg±gg±g system. (2) 
Both 2 and 3 can attain the "ideal" complexing conforma-
tions 15 '22  for the 18-membered ring but they undergo 
degenerate inversions via enantiomeric intermediates 
gggggg and gggggg" which necessarily in-
volve inversions of their six-membered rings. These inversions 
probably occur 23 at rates approximating those of the decom-
plexation processes. Such host systems can be described as 
gggggg ggggggt (3) Although the 18-
membered ring in 4 and in cr-13-6-a-13-8 can attain an "ideal" 
complexing conformation,' 5,11 they are anancomeric systems 
Table II. The Log Ka  (based on Ka in M - 1 ) and AG Values for the Formation of 1:1 Complexes between Sodium, Potassium, Rubidium, 
and Cesium Chlorides in MeOH 
Na" 	 K"' 	 Rb" 	 Cs"' 
crown 	 logKa ° AG" &Gb log Ka '7 AG" G" log Ka° EG" zGt' log Ka ° LG 1' iG" 
18-crown-6 (1) 432c.d 59' 6.10 _8.3e 5,35! 	-7.3 4,701 -6.3 
cis-syn-cis isomer (2) 4.08" -5.5 0.4 6.01" -8.2 0.1 4.61e -6.2 .0.1 
cis-anti-cis isomer (3) 3.68" -5.0 0.9 5.38" -7.3 1.0 3.49" -4.7 1.6 
trans-syn-trans isomer (4) 2.99k -4.0 1.9 4.141 5.6 2.7 	3.42! 	4.7 2.6 	3.001' 4.0 2.3 
trans-anti-trans isomer (5) 2.521 -3.4 2.5 3.26! -4.3 4.0 2.73! -3.7 3.6 2.271 -3.03.3 
a Obtained for the equilibrium, M-nMeOH + crown - M-crown + nMeOH, at 20-25 °C by potenhiometry with ion selective electrodes. 3"' 
b In kilocalories/mole. The 12L2G values correspond to the differences in the AG values between the particular crown and 18-crown-6 (I). " Values 
from ref II. d  Values for log K a , AG, zH (kilocalories/mole), and TS (kilocalories/mole) determined calorimetrically' 2 at 25 °C are 4.36, 
-6.0, -8.4, and -2.4, respectively. e Values for log Ka, AG, AH, and TAS determined calorimetrically 12 at 25 °C are 6.05, -8.2, -13.4, 
and -5.2, respectively.! Values from ref 3 
' t, ' '''. '. ......................................... 	
''''' 	... 	 r''';r''-''------....... 
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that cannot undergo ring inversion. These hosts are described 
as being gggggg. (4) Finally, 5 contains an 18- 
membered ring which cannot invert nor can it attain as good 
• conTtplcxing conformation as the "ideal" onc.'This host has 
• structure which is a ra-
cemjc modification. lrpec[ion of the data in Tables land II 
indicates that the magnitude of the AAG values can be corre-
lated 15.22 with the above stereochemical classi-
fications as follows: 
g+g_g_g+g_g+/g_g.Fg+g_g+g_ > gggggg 
> 	 > g+gFg±gFg±g 
One feature emerges dearly from this analysis. The denial to 
5 of binding sites which act simultaneously can provide an 
explanation as to why ii forms weaker complexes than 4. Re-
cently, attention has been drawn 24  to the correspondence be-
tween the complexing ability of crown ethers—and their 
open-chain analogues.—and the catalytic effect observed 
during their metal temated syntheses. There is also evidence, 
however, that the directional characteristics of noncovalent 
bonds can influence diastereoisomeric ratios in templated 
syntheses of crown ethers by cations. In the attempted synthesis 
of 4 and 5 by condensation of(±)- trans- 2,2'-(l,2-cyclohexy-
Iidene)dioxyethanol (9) with its bistosylate (10) in benzene in 
the presence of t-BuOK, only 4 was isolated with a comment 25 
about "the marked tendency for pairing of (+) with (-) in the 
cyclisation to give the eieso form". 
The fact that large 1G values are observed for both metal 
and i-BuNH 3 ions suggests that the contributions from 
ion-dipole interactions, 26 as well as those from hydrogen 
bonding, are sensitive to small conformational differences in 
the hosts even though: an all-gauche framework is available. 
By the same token, it should be possible to build more highly 
structured complexes hyexercising control over synthetic host 
conformations. The ultimate in sophistication in synthetic host 
design will probably be realized by exercising configurational 
controls to locate constitutional features in particular con-
formational environments. 7 It seems not only reasonable but 
logical that constitution, configuration, and conformation 
must define the strucnires of noncovalently bonded species 
in much the same way as they define the structures of cova-
lently bonded species! 
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THE COMPLEXII1G PROPERTIES OF CHIRAL CROWN ETHERS INCORPORATING 1.,3:4,6-DI-0-METI-IyLENE-
.-t1P11NITOL RESIDUES. 	A SECONDARY DIPOLE-INDUCED DIPOLE INTERACTION. 
Dale A. Laidler and J. Fraser Stoddart 1 
Department of Chemistry, The University, Sheffield S3 7HF 	 - 
Chiral crown ethers constructed around binaphthol, 2 tartaric acid, 3 and carbohydrates  
as sources of chirality have been shown to complex with RNH3+ ions and, in some cases, to 
exhibit chiral recognition towards racemic salts. 	In addition, high stereoselectivity in the 
cornplexation of PhCH 2 NH 3 and PhCHMeNH 3  ions by the di as te reotop i c faces of chiral 
asymmetric crown ethers incorporating methyl 4 ,6 -0- benzylidene -a__glucopyranosie residues 
has been uncovered.0 	This observation has been ascribed 	tentatively to a secondary 
interaction of a dipole-induced dipole type between the 2 - phenyl-1,3-dioxan ring in the 
crowns and the phenyl groups in the cations. These results suggested to us that the 22-
crown-6 DD- Q) and 20-crown-6 D - (2) derivatives derived from 1,3: 14,6 - di -0- methylene-p-
mannito1 5 - (3) might show interesting binding properties with RNH 3 4 ions containing phenyl 
groups. Moreover, examination of CPK molecular models indicates that DO-i and D-2 would not 
be too different topologically from the corresponding (RR)-bis(binaphtho)-22-crown-6 and 
(R)-binpphtho-20-crown-6 derivatives synthesized and investigated in considerable detail by 
Cram. 2a,b  
DD-1, m.p. 192 - 1930C, [a] D_ 10 7. 6° (c 0.85, CHC1 3 ) , was obtained  (15%) after chromato-
graphy (Cud 3 ) on Al 2 0 3 of the products resulting from reaction between .P - 3, Ts(OCH 2 CH 2 ) 2 OTs, 
and Me 3 COK in TI-IF under reflux for 8 h. Condensation between D-3 and Ts(OCH 2 CH 2 ) 5 OTs in the 
presence of NaH in Me 2 SO at 50 - 55 °C for 18 h afforded 34% of -2, b.p. 207 0C at 0.01 mm Hg, 
[a] D
- 55.
40  (c 1.46, CHC1 3), 1 H n.m.r. data: 6 (CD 2 C1 2 ) : 3.38 (2H, t, J10.5 Hz, H-Ia, 6a), 
4.30 (2H, q, J=5.0, 10.5 Hz, H-le,6e) and 4.58 and 4.98 (4H, AB system, J AB= 6.1 Hz, OCH 2 O) 
after m.p.l.c. (Et 2O:MeO1-s, 95:5) on Si0 2  of the products isolated from the reaction mixture. 
Whereas 	-1 forms exceedingly weak complexes with RNHX salts in CDC13, p- 	binds7 
reasonably strongly with SCN and C10 4 salts derived from MeNH 2 l4), Me 2 CHNH 2  (5), Me 3 CNH 
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0 	R 	 54A+ 
0 	H-6e 0 ­ 	
: 
D-3, R' = H, R" = H 	 HB 	
H-6a 
D- 3 - d4, R1 = D, R11 = H 	
o_2-PhCHRNH3 
(6), PhCHNI-1 (7), (R)- and (5)-phCHeNH 2  (R) 
and (S)-(8) , (R)-PhCHCO 2MeNH 2  (R)-(9) , and 
2 2 
(R)- and (S)-PhCHCHCO 2MeNH 2 (R)- and 
-(S)-(10). 	The association constants for complexing of 2 	
i 8 
to be <50 and 520 H 1 , respectively. 
DD- 1 and D-2 with Me
3CNH SCNn CDCI 3  were estimated 
In addition, CD2 Cl 2 solutions of DD-11 
were almost incapable of solubilising RNHSCN and 
1:1 complexes weme formed readily between -2 and salts of 
14 to (S)-10 as 
CIO 	
salts whereas  
1 	
. The previously 
indicated by the substantial changes in the H 
n.m.r. spectra of the crown  
enantiotoPic methylene 'protons in 7.ilClO 14 become9 
 diastereotOPic in the chiral complex as 
demonstrated by their appearance as an AS system 6A 14.20, 6 B 14.114, J AB 	
15 Hz). As the 
temperature of the CD 2 C1 2 solution is 
lowered, all signals exhibit line broadening and the 
line shape behaviour of the AB systean for the OCH 2
O protons is particularly significant. 
Below 0°
C, the B part—which is assigned 10 to the axial protons—becomes very broad and 
eventually by ' -800
C separates out into two signals of equal intensity centered on 
6 14.714 and 
14.145. The coalescence temperature associated with this spectral change is -55
°C. 	The A 
part—which is assigned 10 to the equatorial protons—shows a similar kind of behaviour but 
with a lower coalescence temperature of -65°
C and a smaller chemical shift difference (18 Hz) 
at -80°
C. These spectral changes, which are both associated with a value for 
	of 10.5 
c faces of 
kcal mol 1
, may be interpreted in terms of exchange of cations between the homotopi  
0-2. The kinetic and thermodynamic data for this and other 1:1 complexes are summarized in 
11 the AGi 
the Table. Since the 20-membered ring in the crown cannot undergo ring inversion, 
values can be equated with the free energies of activation 
(4) 	for dissociation of the 
complexes. Four observations 12 can be made: 
M Complexes involving MeNH ions are the weak-
est of all. This difference could arise from the relative lack of shielding of the RNH ion, 
and hence its av
ailability for ion pairing with the anion when the alkyl group is small in a 
relatively accessible complex. (ii) Complexes involving d0
14  salts are stronger (0.8-1.8 
kcal mo1) than those involving SD salts. This difference probably reflects the fact that 
SCN ions are more efficient at "d
c-structuring" complexes than are C10 14 
ions. (iii) The 
difference (0.5 kcal rnol 1) in AG 
values for D-2-(R) 	
and D-2(S)10.HC1014 indicates 
modest chiral recognition of (RS) 	CH2CHCO 2MH
3C101, in favour of the (S)-isomer by -2 at 
low temperatures. (iv) 
Complexes involving cations which contain phenyl groups are stronger 
(ca. 1 kcal mo1 1 ) than those invo l
ving cations which lack a phenyl group. This effect is 
evident in the more highly structured complexes involving C10
14  ions. We put forward the 
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Table. 	Temperature dependent 1 H n.m.r. spectral data and kinetic and thermodynamic 
parameters for the 1:1 complexes between RNH3 + salts and D-2 a 
H N.m.r. 	T , °c 	Av( °C),±2 	k RNHX 	 R 	
b c 	 c 	c 
probes 	±3° Hz 	 s 1 kcal moI 
.HSCN 	 Me 	 OcII AH B O 	<-no 	-- 	-- 	<8.2 	- - 
4.HC1O 4 	 Me 	 OCHAHBO 	<- 110 	 -- -- <8.2 
5.HSCN 	 CHMe 	 OCH H 0 - 95 	
22(_100)0 	
49 	 8.9 
5.HCIO 4 	 CHMe2 	 OCHAHBO 	- 80 	17( - 90) 	 38 	9.7 
6.HSCN 	 CMe3 	 OCHAJ/B0 	<-110 	 -- -- <8.2 
6.HCIO 4 	 CMe 	 OCH if  0 - 91 	
15(_100)e 	
33 	9.2 
1.HSCN 	 CH Ph OCHARBO 	- 90 	54(-100) 	120 	8.8 
7.HC1O 	 CH Ph 	 OCH H 0 - 65 	
18(_80)g 
38 	10.5 
OCHAHBO 	- 55 	64(-8o) 
,m 	
142 	10.5 
(R)-8.HSCN 	CHMePh 	 OCHAHBO <_ 90 	 -- 	-- < 9.3 
(S)-8.HSCN 	CHMePh 	 OCHAHBO 	<- 100 	 -- -- 	<8.8 
(S)-8.i-lclo 4 	CHMePh 	 OCHAHBO 	- 75 	20(-90) 	 44 	9.9 
OCHAHBO 	- 65 	44(-90) 	 98 	10.1 
(R)-9.HC10 	PhCHCO Me 	OCH H 0 	<- 90 	 -- -- <9.3 
(R)-10.HC1O 	PhCH CI-ICO Me 	OCH H B O 	- 72 	32( - 90) 	 71 	9.9 
(S)-lQ.HC10 4 	PhCH2CHCO2Me 	OCI4AHBO 	- 60 	46(-90) 	102 	10.4 
All spectra were recorded in CD2C12 at 220 MHz on a Perkin-Elmer R34 spectrometer with Met,Si 
as "lock' and internal standard. Abbreviations used are: T 	coalescence temperature; Av, 
frequency separation for the appropriate 1 H n.m.r. probe with the temperature at which it 
was measured indicated in parenthesis; k c , exchange rate constant at Tc  calculated fr9m the 
expression k = 11Av/2 (1.0. Sutherland, Annu. Rep. Il/MR Spectrosc., 4, 71 (1970); AG, 
free energy of activation at T   calculated from the Eyring equation. 
In all cases exchange of protons (indicated by italics) between two equally populated sites 
C and D is observed. If the sites that represent two time-averaged signals are designated 
CD, the spectral changes can all be described as CD + C2. 
C(S 
 4.84 and 6 D 4.74. 4.73 and 6 4.65. 	
e 	
4.71 and 6 4.64 
f6 
C




6 4.74 and (SD  4.45 
5.07 and 6 
D 
 4.98 	J 6 4.67 and 
6D 
 4.47 	k 6 4.81 and 6 4.68 
16 C 4.86 and 6 4.65 
mNote that the D signal is shifted to especially high field in these complexes. This suggests 
a shielding influence by the phenyl group in the cation upon one of the axial OCH20 protons 
in D-2. 
1,3-dioxan rings in D-2 and a phenyl group in the cation. In the idealized three-point bind-
ing model of a face-to-face complex between 0-2 and a generalized RNH ion of the type 
PhCHR 1 NH (R 1 = H, Me, or CO2 Me), it is possible for the phenyl group to orient itself over 
one of the 1 ,3-dioxan rings of D-2 so as to meet the directional requi rements for a dipole- 
13 = 	 I + 
i induced dipole interaction 	as shown n D-2-PhCHR NH 3 . Support for this proposal comes 
1 from two observations in the low temperature H n.m.r. spectra: (i) The chemical shift diff-
erences (Au) for HB are larger for D-2-7.HX and D-2-(S)-8.HC1O 4 which contain a phenyl group, 
I 
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than they are for D-2-5.I-4X and D-2-6.Hx where R is Me 2 CH and Me 3 C, respectively. Clearly, the 
anisotropy of a phenyl group is being sensed preferentially by the axial OCH 2O proton on one 
of the 1,3-dioxan rings. (ii) A signal which integrates for one proton emerges at high field 
between 6 2.50 and 3.00 in-2-7.HC10 4 , D-2-(S)-8.Hc10 4 , and -2-(S)-9.HCl04 - but not in the 
corresponding SCN complexes - and it can be assigned to H-la on the basis of the following 
evidence. When the tetradeuterio-20-crown-6 derivative -2-d4 was prepared in analogous 
fashion to that described for -2 from - [l,1,6,6- 2H 4 ]mannitol D-3 - d14 and Ts(OCH 2 CH 2 ) 5 OTs, and 
the low temperature spectra recorded, this signal was absent in these complexes. Thus, H-la 
would appear to fall within the shielding zone of the phenyl group interacting with the 1,3 - 
dioxan ring as shown in .D-2-PhCHR 1 NH. 	it is significant that this effect is absent in the 
less highly structured SCN complexes and also in the constitutionally different (one extra 
CH 2 group) PhCH 2 CHCO 2MeNH CIO 14 complexes, D-2-('R)- and D-2-(s)-1o.HC1O 4 . 
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COMPLEXATION SELECTIVITY BY CHIRAL ASYMMETRIC CROWNS INCORPORATING THE 14,6-0-BENZYLIDENE 
DERIVATIVES OF METHYL -D-GLUCOPYRANOSIDE AND METHYL B-p-GALACTOPYRANOSIDE. 
A SECONDARY PNOMERIC EFFECT? 
Roger B. Pettman and J. Fraser Stoddart 1 
Department of Chemistry, The Univerity,SheffieldS3 711F 
Chiral asymmetric crowns have been derived from the 4,6-0-benzylidene derivatives of 
methyl a D g l uco,21 cz__galacto_,2ac and  a_p_manno_2cd  pyranosides. 	The temperature dep- 
endent 1 H n.m.r. spectra of the 1:1 complexes formed between the crowns ct-D-(1) to c x _pQ_(tf) and 
RNHSCN salts in CD2 C1 2 have been interpreted2b  in terms of equilibria involving aniso met ric 6 
a- and 13-complexes of similar strengths in the case of the ct-p-galacto crowns a-D-(1) and 
a-Q-(2) where both 0-1 (a-complex) and 0-14 (13-complex) on the pyranosidic ring participate 2b 
along with the six crown oxygens in complex formation. With the ct-_D-gluco crowns a-9-(3) and 
where only 0-1 (a-complex) can participate along with the six crown oxygens in complex 
formation, anisornetric 3 a- and 6-complexes of dissimilar strengths form with RNH ions which 
contain a phenyl group with the appropriate constitutional disposition within R relative to the 
NH ionic centre. 	The high selectivity in the complexation of PhCH 2 NH and PhCHMeNH ions by 
the heterotopic faces of a--3 and a - DO- 14 has been ascribed2b  to a dipole-induced dipole inter- 
4 	 + 
action between the 2-phenyl-i,3-dioxan ring in these crowns and the phenyl groups in the RNH 
ions. As a result of this secondary interaction and the involvement of the axial 0-1 in primary 
binding of the NH ionic centre, it was of interest to explore the effect of inverting configur-
ation at C-i in ci-D-i to a- D - 4 on the selectivity of cornplexation of RNH ions. Consequently, 
the anomers B-D-1 to B-DD-4 have been prepared and their 1:1 complexes in CD 2 C1 2 with selected 
+ 	- 	 + 	- 	 1 
RNH 3SCN and RNH 3 C1O 14 salts have now been studied by dynamic H n.nl.r. spectroscopy. 
Treatment of methyl 14,6-0-benzylidene-B-D-galactopyranoside 5 5-D-(5) with NaH and 1.1 
molar equivs. of Ts(OCH 2 CI-I 2 ) 5 OTs 6 in DMSO gave the B-D-galacto-18-crown-6 derivative B-D-0), 
rn.p. 141 - 1430 , [aiD + 30.20 (c 0.5, CHC1 3 ) 	in 20 yield after chromatography on alumina 
(ether-methanol). — By following a similar procedure, the 13-D-gluco-18-crown-6derivative 
m.p. 78_800,  [a] -47 0° (c 0.5, CHC1 3 ) 8 was obtained from methyl 14,6-0-benzylidene-5-
D-glucopyranoside 9 -D-(8J in 46? yield after chromatography on alumina (ether). As in the 
I 	R2 	R3 
0-0-i H OMe 	H 	a-0-3 	R1 R2 1" 0 '1 
0 a-DD-2 H OM. 	 a-DD-4  
(3-0-1 OMe H 	
o Me 	 HH 
(3-00-2 OMe H ) >C (3-DD 















3-D-7 R= CH2CH2OH 	3-D-10 
P 	
D-11 R 	iIIIOXM: 
a_series2a,b [cf. 	-DD-2 and o-DD- 14)) , the "half crown" bistosylate 1° D-11 derived from 
D-mannitol was condensed with the "half crown" diols 13-D - (7) and 8-D-00) obtained from the 
reaction sequences p-D-5 - p-D-6 + 
	
and p-D-8 +-D-9 + -D-1O 12 to afford, respectively, 
the p-D-galacto-manno- 13 p-DD-(2), [o]D + 26.5 0 (c 0.5, CHCl 3 ) 	and the B-D-gluco-nflflO
-15 
p, 	D - 98. 0--(c.0.5, CHC13)16 18-crown-6 derivatives. 	 - 
The association constants (K) for complexing of-D-1, B-DD-2, P-D-3, and B-DD-4 with 
Me 3CNHSCN in CDC1 3 were estimated 17 to be 5800, 4200, 1300, and 1000 M 1 , respectively 8 
In 
CD2 Cl 2 , p-n-i to p--I4 form 1:1 complexes with selected SCN and CIO 	salts derived from 
Me 3 CNH 2 (12) , PhCH 2NH 2 (13) , and (R)- and (S)-PhCHMeNH 2 (R)- and (S)-(1 14). 	
Complex formation 
is accompanied by substantial changes in the 1 Hn.m.r. spectra of all these crowns. The 
spectral behaviour of the 8 - Q-- 13.HSCN complex serves to illustrate the general situation 
which pertains for the P7ga1acto crowns. At 30
0 the signals for the benzylidene CH (6 5.62), 
H-i (cS 4.39), and H-4 (5  4.52) are shifted markedly downfield compared with their respective 
chemical shifts  in the spectrum of p-p-l. 	This observation indicates that 0-4 participates 
along with the six crown oxygens in complex formation. On cooling down to _900, the signals 
for the benzylidene CH and H-4 each separate into high (5 5.63 and 4.56, respectively) and low 
Q 5.76 and 4.75, respectively) intensity signals. 	The fact that the lower intensity signals 
in each case correspond to the lower field signals suggests that the minor complex is associated 
with the p-face of p-D-I. 	Thus, the major complex appears, rather unexpectedly, to involve 
binding to the o-face of p-D-l. 	The Table shows the generality of thts conclusion for 
complexes of 13-D-1 with 13.HX, (R)-1 14.IIX, and (S)-1.HX and also lists the relative populations 
of the two complexes and the free energies of activation' (&) for dissociation of the major 












Table. 	Temperature dependent 1 H n.m.r spectral data and thermodynamic parameters for the 
1:1 complexation of selected RNHX salts 12.HSCN, 13.HSCN, 13.HC1O4, (R)lk.HSCN, 
(S)-lk.HSCN, and (S)-1 14.HC10 13  by the chiral asymmetric crowns 8-P-i, 6-pp - 2, 	D3, 
and 
Crown 	RNHX 	R 	Downfield 	 6 	 Complex ratio 
shift(p.p.m.) 	Benzylidene 	(T/°C) 
	
of benzylidene CH at -900 Maj : Mm 	 ±0-3 kcal 
CH at +300 	Maj 	Min
 mo 
12.lISCN CMe3 	 0.12 	 - 	- 	76 	24(-100) 	 10.0 
13.HSCN CH2Ph 0.11 5.63 	5.76 	78 : 22( - 90) 12.0 
13.HC104 CH 2Ph 	0.08 	 5.58 5.70 	78 : 22(-70) 	 10.8 
(R)TLHSCN CHMePh 0.10 5.59 	5.72 70 	30( - 90) 10.5 
(S)-T'.HSCN CHMePh 	0.11 	 5.65 5.75 	87 	13(-80) 	
11.7 
(S)-T1 .HCl0, CHMePh o.o8 5.57 	5.70 	73 : 27(-90) 
10.6 
13-DD-2 	12.HSCN CMe3 	 0.11 	 - 	- 	- 	 - -- 
- 13.HSCN CH2Ph 0.12 - - - - 
(S)_Tl.HSCN CHMePh 	0.12 	 - 	- 	 - 	 - 
8-D-3 	12.HSCN CMe3 	 0.05 	 - 	- 	 - 	 - 
13.HSCN CH 2 Ph 0.03 5.54 	5.69 	78 : 22( -90) 	 10.2 
13.HC104 CH2Ph 	0.02 	 5.54 	5.68 	68 	32( - 90) 
io.6 
(R)_T1i.HSCN CI-IMePh 0.05 5.58 	5.66 	76 : 24(100) 	
10.3 
(S)-Tli.HSCN CHMePh 	0.02 	 5.59 	5.69 	68 	32(-80) 9.7 
(S)_ IT. RCIO,, CHMePh 0.02 5.57 	5.65 	76 	24( - 90) 	 10.2 
8-PR-4 	13.HSCN CH 2 Ph 	0.03 	
5.62 	5:74 	86 : 14( - 90) 	 10.8 
- (S)-T1 .HSCN CHMePh 0.03 . 5.60 	5.69 72 	28(-90) 
10.6 
'All spectra were recorded in CD 2 C12 at 220 MHz on a Perkin Elmer R34 spectrometer with 
Me 4 Si as "lock" and internal standard. 
bThe free energies of activation (G+d) for dissociation of the 1:1 complexes correspond to the 
average values calculated from the Eyring equation using rate constants determined by line 
shape analysis of the benzylidene Cl-I signal at two different temperatures in each case. 
8-0-2 did not provide suitable temperature dependent behaviour in their potential I H n.m.r. 
probes and so did not afford thermodynamic data. The spectral behaviour of the 8_p__13.HCl04 
complex serves to illustrate the general situation which pertains for the 8-p-91uCO crowns. 
Although the influence upon the chemical shift of the benzylidene CH on complex formation is 
much less marked than in the galacto series, this 1 H n.m.r. probe shows temperature dependence 
presumably as a result of the dipole-induced dipole interaction present in the 8_p__B_ 1 .HC 10 4 
complex which no doubt brings the benzylidene CH under the anisotropic influence of the phenyl 
ring. At _900, a triplet (J = 10 Hz) with a peak area corresponding to Ca. 0.8 of a proton 
emerged at high field (6 2.62) and could be assigned to H-3 in the major complex on the basis 
of double irradiation studies. Since this shielding of H-3 is characteristic of nearly all the 
low temperature spectra of 1:1 complexes involving 8--1 to 8 - p - 4 and phenyl-containing RNH 
ions, we are led to propose the existence of a stabilising secondary anomeric effect in the 
e-complexes (e.g. 8_D 	ct-l3.HC10k) which involves the dipole associated with the anomeric 
region of 8-glycosides 19  and an induced dipole in the phenyl ring of appropriate RNH ions. 
	It
3 20 
is intriguing to reflect on the possibility that the anomeric effect which destabilises 
6-glycosides intramolecularly may be a source of stability "intermolecularly" within a complex 
of a 8-glycoside! 
I 
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CHIRAL ASYMMETRIC CROWNS INCORPORATING THE 14,6-0-BENZYLIDENE DERIVATIVES OF METHYL 
- 	 a-D-MANNOPYRPNOSIDE AND METHYL ci-D-ALTROPYRANOSIDE. 	THE INFLUENCE OF 
STEREOCHEMISTRY UPON COMPLEXATION OF ORGANIC CATIONS 
Roger B. Pettman and J. Fraser Stoddart 1 
Department of Chemistry, The University, Sheffield S3 7HF 
Methyl 14,6-0-benzylidene-a- and B--gluco- 2 and a- and -P-galacto- 2 pyranosides are 
suitable precursors for the synthesis of anancomerically trans-fused 18-crown-6 derivatives 
in which the gauche crown oxygens at the ring junctions are diequatorial with respect to the 
pyranosidic rings. 	In this communication, we report on the complexing behaviour of (i) the 
anancomerically cis-fused 18-crown-6 derivatives ci-P-(l) and a--(2) incorporating methyl 
14,6-0-benzylidene-cx-P-mannopyranoside 3 s--( 1 ) and (ii) the anancomerically trans-fused 
18-crown-6 derivative a--(3) incorporating methyl 4,6-O-benzylidene-a-Q-a1t ropy ranoside 
a--(7). 	Whereas, at the ring junctions, the a - D-manno derivatives a-D-(1) and a-DD-(2) 
have gauche crown oxygens with an axial-equatorial arrangement, the ct--altro derivative 
a-D-(3) has anti crown oxygens with, of course, a diaxial arrangement. 
The "half crown" diols a-.-(6) and ct-p-(9) obtained from the reaction sequences 
-- a-D-5 + e-D-6 and 	D7 	D8 + a-D-9 6  were condensed (NaI-l/DMSO) with Ts(OCI-1 2 CH 2 ) 3 OTs 
7 (1.1 molar equivs.) to afford, respectively, the ct-manno a-, [a] + 30.6° (c O.5,CHC1 3 ) 
and a-D-altro a-D-(3), 	
jD 
+ 60.10 (c 0.5, 
CHC1 3 ) 8 18-crown-6 derivatives. 9 The "half 
MeO 	
crown" di tosylate 1° D-01) derived from 
Ph 
O\ Me 
cl-DD-2 R = 	 Q-D-3 
'Me 	 - 
A 	461 
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R3 
Q-13-5 OCH2CH=CH2 H OCH2CH=CH2 	H 
0 	
a-D-6 OCH2 CH2 OH 	H OCH 2CH2OH 	H 
OR3 	
R2 	
a-D-7 	OH 	 H 	 H 	 OH 
B4 	 OMe 	
OCH2CH=cH2 H 	 H 	OCH2CHCH2 
Q-13-9 OCH2CH20H 	H 	 H 	OCH 2CH20H 
0-mannitol was condensed (NaH/DMSQ) with o-D-5 to afford 	the ci - D-manno--rnanno-18- crown -6 
derivative a-DC)-(2),°
D 
 + 24.6 0 (c 0.5, CHCl 3 ). 2 
The association constants (K) for complexing of a--1, a--2, and a--3 with 
?Ie 3 CNHSCN ir 	DC I 3 were estimated 13  to be 39000, 1300, and < 50 M 1 , respectively. 	In 
CD2 Cl 2 , a--1 to a--3 form 1:1 complexes at +30 °C with selected SCN and CIO 	salts derived 
from Me 3 CNH 2  (92), PhCH 2 NH 2 (13), and (R)- and (S)-PhCHMeNH 2 (R)- and (S)-04) as indicated 
by the substanãal changes in the 1 H n.m.r. spectra of the crowns. In the case of the a--
manna derivatis, the signals for the anonric H are shifted downfield by 0.23-0.28 p.p.m. 
on 1:1 complex formation. This dramatic change is accompanied by much smaller downfield 
shifts for the QCH 3  protons (0.03-0.07 p.p.m.) and significant upfield shifts 14 (up to 0.11 
p.p.m.) for the benzy1idene CH. These observations indicate that the pyranosidic ring oxygens 
in a--1 and a--2 participate along with the six crown oxygens in complex formation. On 
cooling down tcb. low temperatures (-55 to -95 °C), the signals for the benzylidene CM separate 
(see Table) in all cases into a higfer intensity high field signal and a lower intensity low 
field signal. 	The signals for the anomeric H in complexes of a-D-1 with 13.HX and (R)-1 14.HSCN 
separates into a higher intensity low field signal and a lower intensity high field signal. 15 
These results seiggest that the major complex is associated with the 8-face of a--1. Support 
for this assignment comes from inspection of CPK space-filling molecular models which reveals 
that the phenyL ring in the generalised complex a-.Q-1-8-PhCHRNHX (RH or Me) can enter into 
a stabilising dipole-induced dipole interaction16 with the 4,6_0_benzylidene ring (cf. ref 2b). 
n so doing, the benzylidene CM comes into the shielding zone of the phenyl ring and thus not 
only can we accmunt for the upfield shift of this proton at +300  but we can also explain the 
emergence (see Vable) of the higher intensity signal (for the major 8-complex) 16 at high 
field in the icia temperature spectra. The fact that this feature also characterises the low 
= 
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Table. 	Temperature dependent 1 H n.m.r. spectral data and thermodynamic parameters for the 
1:1 complexation of selected RNIIX salts 12.HSCN, 13.HSCN, 13.HCIO 4 , and (R)-1'4.HSCN and 
(S)-114.HSCN by the chiral asymmetric crowns ci - D - 1, ci - DD-2, and c1- D32  
Crown 	RNH + X- 
	
R 	 6 	 6 	 Complex 	
,4b- 
Benzylidene CH 	Anomeric H 	ratio 
at T°C 	 at T°C (T/°C) 
(Mai 	Mm) 	
-j 
Maj 	Mm 	Maj 	Mm 	Maj : Hun 	
- 0.3 kcal mol 
13.HSCN CH2Ph 	5.54 	5.69 	5.11 	5.05 	74 : 26 ( - 75) 	
11.1 
HClOu, CH2Ph 	5.48 5.68 5.04 	4.97 74 : 26 (-60) 13.0 
	
(R)-T!LHSCN CHMePh 5.58 	5.72 . 5.13 	4.90 	82 : 18 (-80) 	11.2 
(S)-T1LHSCN CHMePh 5.67 5.78 	5.10 5.14 82 : 18 (-90) 
11.2 
Q-DD-2 	12.HSCN 	CMe3 	- 	 - 	5.10 	5.90 	88 : 12 (-95) 	
10.3 
-- 13.HSCN CH2Ph 	5.52 5.85 - - 93 : 7 ( - 55) 
14.0 
13.HC104 CH2Ph 5.46 	5.77 	- - 	84 : 16 (45) 	
14.0 
(R)-TLHSCN CHMePh 5.68 5.80 - 	- 90 : 10 (-80) 11.5 
(S)T1i.HSCN CHMePh 5.59 	5.90 	- - 	84 : 16 (-80) 	
12.2 
12.HSCN CMe3 	- 	 - 	(4.78) (4.87) 	50' : 50(-108) 	 8.3 
All spectra were recorded in CD2C12 at 220 MHz on a Perkin Elmer R34 spectrometer with 
Me 4Si as "lock" and internal standard. 
b The free energies of activation (G) for dissociation of the 1:1 complexes formed by 
a-fl-1 and a - DD- 2 correspond to values calculated from the Eyring equation using rate 
constants determined by line shape analysis of the benzylidene CH signal at a temperature 
close to coalescence in each case. The LG value for the complex a-fl-3-12.HSCN was 
obtained from the rate constant calculated at the coalescence temperature for the anomeric 
H signal using the standard approximate expression. 	 . 	 ;. 
temperature 1 H n.m.r. spectra of the 1:1 complexes formed between cc-DD-2 and PhCHRNHX 
(R=H or Me) leads us to the conclusion that the major complex involves the B-face here as 
well. 17  The Table lists the relative populations of the two anisometric complexes and the 
free energies of activation (G) for dissociation of the major complexes. The 	values 
of 10.3 and 8.3 kcal mo] 1  for ct-j-212.HSCN and ct-Q-312.HSCN can be compared with values 
of 4.2 and < 2.3 kcal mo( 1  respectively for their free energies of complexation (_G).18 
This analysis suggests 
19  a free energy of association for these complexes of ca. 6 kcal mol. 
In a-DJ)-2-12.HSCN, steric factors involving (i) perturbation of the "all-gauche-OCCO" 
conformation 20 of the 18-membered ring by the cis-fused mannopyranosidic ring and (ii) repul-
sive interactions between the carbohydrate portions of ct-fifi-2 and the t-butyl group of 
12.HSCN mitigate against cornplexation. In cx-fi-3-12.HSCN, the conformation of the macrocyclic 
ring, which must include at least one anti 0-C-C-0 unit, clearly disfavours complex formation. 
We draw the following conclusions: (i) Stereochemical factors can play a crucial role 
in determining the thermodynamic and kinetic stabilities of organic cationic complexes of 
18-crown-6 derivatives (of. ref 20). (ii) Stereochemical factors can lower the rate constants 
for association of organic cationic complexes considerably below the diffusion-controlled 
21 rate observed 	for complexes of 18-crown-6. 
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CHIRAL SYMMETRIC CROWNS INCORPORATING THE 4,6-0-BENZYLIDENE DERIVATIVES OF METHYL 
ct-D-GLUCOPYRANOSIDE AND METHYL a-J3-GALACTOPyRANOSIDE. 	A CONFIGURATIONAL 
IMPEDIMENT TO COMPLEXATION OF ORGANIC CATIONS BY 18-CROWN-6 DERIVATIVES 
Dale A. Laidler, J. Fraser Stoddart 1 , and John B. Wolstenholme 
Department of Chemistry, The University, Sheffield S3 7HF 
Recently, we have drawn attention  to: the fact that stereochemical factors can play an 
important role in determining the relative stabilities of both organic and metal cationic 
complexes of 18-crown-6 derivatives which incorporate (i) two cis-fused cyclohexane rings, 
(ii) two trans-fused cyclohexane rings, and (iii) the methyl glycosides of the 14,6 -O-benzyl- 
idene derivatives of P-glucose, -galactose, and -mannose. 	Nowhere is the effect illustrated 
more dramatically  in structural- terms than with  the trans  -cisoid- trcyzs (1) and trans-trc,nsoid- 
trans (2) isomers of dicyclohexano-18-crown-6. 3 	Although 1 is free to adopt  the desirable 
"-all-gauche-OCH 2 CH 2 O' conformation, 2 Ls denied this right because of configurational 
constraints. 	The denial to 	of binding Sites which act cooperatively 5 provides  an obvious 
explanation as to why it forms 6 weaker complexes with metal cations than does 1. Unfortunat-
ely, we did not investigate the relative binding capacities of 1 and 2 towards RNH + ions in 
our earlier work. 	However, the avai labi lity of the bis-oa-glycoside-18-crown-6 derivatives 
2,3:2 1 ,3 1- cza -- p - (3), 2,3:3',2'-cos-.PD-(14), 2,3:2 1 ,3' - ae- jlP- (5) and 2,3:3',2- aci -Q - (6) with the 
trans -transoid-trans configuration provides an excellent opportunity to assess the importance 
of gross stereochemical features upon complexation of organic cations. 
Condensations (NaH/DMSO) of the previously reported 9 diols a- . -(7) and a-D-(9) with 
their derived ditosylates 10 e-p-(8) and ct-p-(lO), respectively, gave the constitutionally 
isomeric bisgiucosidesH 2,3:2',3' - aa- DD- 3, m.p. 229_2300, Eel + 50.20 (c 1.0, CHCl) and 
2,3:3',2' - ae- p- 4, m.p. 233-2314 0 , [c] + 36.6 0 (c 0.78, CHC1 3 ) and the constitutionally 
isomeric bisgalactosides 11 2,3:2',3' - cxa - p -5, m.p. 238-21400 , [a) + 16 14 0 (a 0.23, CHC1 3) and 
2,3:3' ,2 1 -acz-0-6, m.p. 167 - 167.5 [aID + 1800 (c 1.18, CHC1 3 ). Constitutional assignments 
to the isomeric compounds isolated from both condensations were made on the basis of dynamic 
n.m.r. spectroscopy in CD2 Cl 2 of 1:1 complexes formed with'PhCH 2 NFI 3  CIO 14 (11).HC1O 14 and 
HC H 
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(R)- and (S)-PhCHMeNH 3 CIO 	(R)-, and (S)-(12).HClO. 	Table 1 reveals that one of each of 
the bisglucoside and bisgalactoside crowns forms anisometric 12 a- and -complexes 13 (i.e. the 
complex ratios are not 1:1) and so these two isomers can be assigned to 2,3:2' ,3'-ccz-PP-3 and 
2,3:2' ,3'-cxa-DD-5, respectively. 	In each case, the other bisglucoside and bisgalactoside 
crowns form (see Table 2) degenerate isometric 
12 
 complexes (i.e. a 1:1 ratio is observed for 
certain homotopic I H n.m.r. probes in the crown) and so 2,3:3' ,2'-aa-- 1i and 2,3:3' ,2'-cta-
oD-6 can be identified as the constitutional isomers of 2,3:2' ,3'-acx-DD-3 and 2,3:2' ,3' - aa-
DD-5, respectively. 
On the basis of chemical shift data (Table 1) for the 1:1 complexes (i) at +300  and (ii) 
at low temperatures for the benzylidene methine and anomeric protons, 
14 
 we believe that the 
major complexes formed with 2,3:2' ,3' - aa- DD- 3 and 2,3:2' ,3' - aa- DD- 5 are associated with the 
0-face. Our arguments are similar to those employed previously 
13 
 with the related monoglyco-
side crowns. Moreover, the observations are predictable from an examination of molecular 
models through (i) a comparison of the numbers of oxygen atoms at the primary binding sites 
and (ii) the presence of secondary binding sites involving the 4,6-0-benzylidene rings in 
the bisglucoside crown. 
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Table 1. 	Temperature dependent 1 H n.m.r. spectral data   and thermodynamic parameters for 
1:1 complexation of the RNH 3  CIO 4 salts ll.HCIO 4 , (R)-12.11CI0 4 , and (S)-12.HCI0 4 by the 
crowns 2,3:2 1 ,3' - cla- DD- 3 and 2,3:2' ,3'-aa-DD-5 with heterotopic faces. 
Crown 	 R 	 6 	 6 	 Complex 	 AG 
b 
2 x Ph CH 	 H-11' 	 ratio (Maj + Mm) 
at 300 	at TO at 30° 	at To 	(T/°C) 	±0.3 kcal mol 
Maj 	Min 	 Maj 	tim n Maj:Min 
2,3:2',3'- 	PhCH2 	5.56 	5.65 	5.62 14.87 	4.86 5.08 	7 14:26(-100) 10.4 
aa_rJ_3 C (R)-PhCHMe 	5.55 	5.67 	5.63 14.89 	4.91 5.09 86:14(-105) 11.1 
(S)-PhCI-fMe 	5.57 	5.66 	5.58 4.91 	4.914 5.00 	83:17( - 105) 9.9 
2,3:2',3' - 	PhCH2 	5.59 	5.74 	5.60 d 5.02 	5.06 5.19 	62:38 	( - 70) 12. 14 aa-DD-5 	(R)-PhCHMe 	5.61 	5.72 	5.58 == 5.01 	5.09 5.17 714:26 	( -90) 9.9 - (S)-PhCHMe 	5.59 	5.72 	5.60 5.03 	5.13 5.17 	68:32 	( - 80) 12.5 
a All 	spectra were 	recorded in Co? C 1 	at 220 MHz on a Perkin Elmer R34 spectrometer with 
b MezSi 	as "lock" 	and internal 	standaçd. 
The free energies of activation 	(AG-id ) 	for dissociation of the 	1:1 	complexes correspond to 
values 	calculated 	from the Eyring equation using 	rate constants determined by line shape 
analysis of the PhCH signal 	at a temperature 
1 H 
close to coalescence in each case. 
Partial 	n.m. r. 	data 	(CD C1 2 )at +300 	: 6 	5.51 	(s, 	2H, 2 x PhCH) , 	14.78 	(d, J 	3.5 Hz, 
d 2H, 	H-I ,l ') , 	and 	3.37 	(s, 	6H, 	2 	x OCH3) 
Partial 	1 H n.m.r. 	data 	(CD2 C1 2 ) 	at +300 	: ó 	5.50 	(s, 	2H, 2 x PhW), 	4.88 (d, J = 2.6 Hz, 
2H, 	H-1,1'), 	4.30 	(m, 	2H, 	H- 14,4'), 	and 	3.140 	(s, 	6H, 	2 x OCH3). 
Table 2. 	Temperature dependent 1 H n.m.r. 	spectral 	dataa and kinetic and thermodynamic 
parameters for the 1:1 	complexes formed between RNH 3  CIO 4 
3- 
 salts 	11.HCIO4 , 	(R)-12 
and (S)-12.HC1O4  and the 	crowns 2,3:3',2 -aa - DD- 4 and 2,3:3',2 1-mo - DD - 6 withhoinotopjc faces. 
Crown 	 R 	1 H N.m.r.(6 	 T c , O Cb 	Av(°C),±2° 
b 	kc b 
at 30°) 6G, 
±0.3 b,c 
probes ±30 kcal 	mol 
2,3:3',2 - 	 PhCH2 	H-1,1' 	(4.88) - 75 86 	( - 90) 	191 9.4 
2 	x 	OCH3 	(3.141) -80 32 	( -90) 71 9.4 
(R)-phCHMe 	H-1,1' 	(4.90) - 77 55 	( -90) 	122 9.4 
2 x OCH3 	(3.42) -88 18 	(-loo) 40 9.3 
(S)-PhCi-iMe 	H-1,P 	(4.88) - 85 51 	( - 100 	113 9.1 
2 x OCH3 	(3.38) - 92 13 	(-lao) 29 9.2 
2,3:3',2 1- 	 PhCH2 	2 x PhCH 	(5.60) 34 26 	(90) 	 58 12.0 
a-DD-6 c H-1,1' 	(5.30) - 32 43 	( -90) 96 11.8 
H-4,4' 	(4.48) - 32 37 	( -90) 	 82 11.9 
2 	x OCH3 	(3.414) -36 23 	( - 90) 51 11.9 
(R)-PhCHMe 	2 x Phd 	(5.60) - 73 22 	( -90) 	 49 10.0 
H-1,1' 	(5.03) -70 24 N90) 53 10.1 
H-4,4' 	(4.48) - 70 26 	( - 90) 	 58 10.1 
2 x OCH3 	(3.44) - 73 21 	( -90) 47 10.0 
(S)-phCHMe 	2 x Phd (5.60) -78 	11.3 	( -90) 	 25 10.0 
See footnote a in Table 1. 
Abbreviations used are: T 	, coalescence temperature; 
H 
6v, frequency separation of the 
appropriate 	n.m.r. 	prose with the temperature at which it was measured 	indicated in 
pa1enthesis; i< c , exchange 	rate constant at Tc calculated from the expression k c t",'2 
C 	
GT, 	free energy of activation calculated from the Eyring equation. 
LGTc The value for 	can be equated directly with the free energy of activation 	(6G1) for dissociation of 	the 	1:1 	complexes. d 	1 H Partial 	n.m.r. 	data 	(CD2Cl2) 	at 	+300 	: 	6 5.50 	(s, 	2H, 2 	x Phd!?), 	4.79 	(d, J 3.5 	Hz, 
2H, 	H-1,I'), 	and 	3.39 	(s, 	6H, 	2 	x OCH 	). e 
Partial 	H n.m.r. 	data 	(CD2C12) 	at +300 	: 6 5.50 	(s, 	2H, 2 x Phd!?, 	4.89 	(d, J 2.6 Hz, 
211, 	H-1,1'), 	4.26 	(m, 	2H, 	1-1-4,4'), 	and 	3.39 (s, 6H, 	2 x OCH3). 
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Finally and significantly, the K values for complexation of 2,3:2' ,3' -aa - DD-3, 
2,3:3' ,2'-act-DD-4, 2,3:2' ,3' -cLa- DD-5, and 2,3:3' ,2'-aa-DD-6 by Me 3 CNH 3 SCN in COd 3 were 
estimated 15  to be <50, <50, 4650, and 5750 M 1 , respectively. 	These results demonstrate 
convincingly that the configurational constraint—which leads to poor cooperativity of 
noncovalent bonds at the primary binding site—imposed upon all these crowns has a drastic 
effect upon their coniplexing ability towards organic cations. 	Since 1,G values remain 
(of. ref. 13) 'unchanged" in the 9.1 to 12.5 kcal moI 1 ran ge, this observation can only be 
explained in terms of very much slower rates of association of organic cations with 18-crown-
6 derivatives when their confortuati onal characteristics are "wrong" for complex formation. 
The message is clear. 	The formation of noncovalent bonds is a highly directional process. 
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-(10) has m.p. 40- 142° and [a] 	+ 68.10 (c 1.2, CHC13). 
The melting points and specific optical rotations agree reasonably well with those in 
the literature. 
The "definition" of the terms anisometric and isometric is discussed by K. Mislow, 
Bull. Soo. Chim.Belg., 	6, 595 (1977). 
Our designation of complexes as a and B has been discussed elsewhere (D.A. Laidler and 
J.F. Stoddart, J.C.S. Chem.Conin.,481 ( 1977)). 
In the case of the bisgalactoside crown 2,3:2' ,3' - acx - DD- 5 the chemical shift behaviour 
of H-4,14' also supports the belief that the 8-complex predominates. 
For the method employed, see J.M. Timko, S.S. Moore, D.M. Walba, P.C. Hibberty, and 
D.J. Cram, J.Am.Chem.Soc., 99, 4207 (1977). 
(Received in UK 13 November 1978) 
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Foreword 
Carbohydrate chemistry has made important contributions to conforma-
tional analysis, a field which has become of great importance to all organic 
chemists and many biochemists in the last twenty years and which was 
recognized by the award of the 1969 Nobel Prize in chemistry to Barton 
and Hassel. 
Cellulose is probably the first molecule in which the chair shape of the 
six-membered ring was detected through X-ray analysis (by Sjonsler and 
Dore in 1926); the term conformation was first introduced in the field of 
sugar chemistry (by Haworth in 1929); the effect of conformation on 
reaction rate was probably first recognized in carbohydrates (by Isbell in 
1937). Reeves' discussion of the conformations -of sugars (1919) antedates 
Barton's pioneering paper on conformational ana!ysis by a year. and ti ,-- 
first major recognition of the importance of conformation in nuclear mag-
netic resonance spectroscopy is found in a paper by Lemieux, Bernstein, 
and coworkers in 105S. It is therefore surprising and perhaps a little 
unfortunate that, by and large, workers in the field of conformational 
analysis (with a few exceptions, such as Angyal and Lemieux) have not 
drawn extensively on carbohydrates as examples to illustrate conforma-
tional principles. One reason for this lack of firm contact between the two 
areas may be the fact that, although all recent textbooks on carbohydrate 
chemistry have included discussion in terms of conformation, such dis-
cussion has been incidental rather than systematic, and, as a result, 
unappealing to those outside the carbohydrate field proper. A second reason 
is that most textbooks treat carbohydrate chemistry as an isointcd aspect 
of organic chemistry, whereas, in fact, it is conformational ideas and stereo-
chemical principles superimposed on aliphatic and heterocyclic chemistry. 
V 
Preface. 
This book has been written out of a belief shared with several colleagues i  
that there is a need for a textbook which attempts to discuss the chemistry 
of carbohydrate compounds in a manner designed to attract the attention 
of other organic chemists, whether they be students, teachers. or re-
searchers. I have taken the view that this objective is most likely to be 
achieved through a presentation which is stcrcochien'.ical in nature. Recent 
conceptual advances in stereochemistry, centered around colisiderations of 
molecular symmetry, allow the adoption of new approaches to the presenta-
tion of the configurational aspects of sugar molecules. At the cost of dis-
pensing with the more conventional introduction, usually of a historical 
nature, which is characteristil of many textbooks on carbohydrate chem-
istry, I have attempted to tackle the problem of configurational isomerism 
among the sugars in terms of the symmetry properties of constitutionally 
symmetrical isomers, in the hope that such an approach may be of some 
heuristic value. This kind of introduction also provides a logical exposition 
of the basis for the brilliantly deductive arguments employed by Emil 
Fischer about seventy years ago in his determinations of the relative con-
figurations of all the hexoses. In order that the reader with little previous 
knowledge of modern stereochernical concepts can follow the discussion 
throughout the book, I have purposely taken pains to state principles and 
define terms as clearly as possible, particularly in the first two chapters. 
For the remainder, I have endeavored to focus attention on the remark-
able interplay among constitutional, configurational, and conformational 
isomerism, which is almost uniquely characteristic of carbohydrates. Above 
all, I believe that an appreciation of this theme is all important toward 
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Stereochemistry of Carbohydrates 
Introduction 
1.1 General Remarks and Definitions 
In the study of carbohydrates, many of the problems which arise are 
stercochentical in nature. Consequently, the answers are often to be had 
from a knowledge of the structural and dynamic aspects of stereochemistry. 
Whereas structural stereochemistry is concerned with a description of the 
spatial arrangements of atoms in molecules, the dynamic aspect deals 
with the interpretation of equilibria and rate processes in terms of changes 
in these spatial arrangements. 
Before attempting to discuss some aspects of the stereochemistry of 
carbohydrates, it will be helpful to indicate the breadth of definition that 
will be given to some familiar stereochemical terms. As a glance at some of 
the recent pronouncements shows (1-7), much discussion and debate 
presently surrounds the definition of terms such as const Lu1 ion, configura-
Lion, conformation, and structure. Consideration of these terms is highly 
relevant to the treatment bf carbohydrate stereochemistry which will be 
presented within these covers, aud the following definitions will be used. 
The term constitution refers to the nature and sequence of the bonding 
between the atoms in a molecule. 
The configuration of a molecule is a particular spatial arrangement of 
its atoms without regard to arrangements which differ only on torsion 
about single bonds. In carbohydrate molecules, configurational differences 
are usually associated with different spatial arrangements of tetrahedrally 
• disposed ligands' attached to chiral carbon atoms.' Thus, the three forms 
of tartaric acid shown in Figure 1.1 have nonidentical arrangements of 
2 The term lijand includes (cf. refs. 7-9) both atoms and functional groups. 
2 This term supersedes (6) the term asymmetric carbon atoms, which has been used (cf. 
ref. 10) in the past. A carbon atom is said to be chiral if exchange of any two of the four 
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Figure 1.1 The three forms of tartaric acid. 
ligauds around their chiral carbon atoms and so have nonidentical con-
figurations. 
The term conformation denotes the different spatial arrangements of 
atoms in a molecule obtained on torsion about one or more single bonds. 
Thus, as shown in Figure 1.2, n-butane may exist in an infinite number of 
nonidenticl conformations by virtue of torsion around its C2-C3 bond. 
However, consideration is usually limited (cf. ref. 11) to particular con-
formations which correspond to energy minima (the three staggered con-
formations) or to energy maxima (the three eclipsed conformations). 
The discipline which makes use of these considerations to interpret, under-
stand, and explain the physical and chemical behavior of compounds is 
often called conformational analysis. 
Structure comprises constitution, configuration, and conformation 
(cf. ref. 6). For some molecules, such as methane, chloroform, dichioro-
methane, and chlorobromoiodometharie, a knowledge of the configuration 
as well as the constitution is required to define the structure, 3 whereas 
with other molecules [e.g., tartaric acid (Figure 1.1) and n-butane (Figure 
1.2)1 the structure is defined only when the conformation, configuration, 
and constitution are all known. 
Stereochemistry is concerned with the properties of kinds of molecules 
called isomers, which, although different in structure, have the same molecu-
lar formulas. Molecules related in this manner are said to exhibit isomerism. 
It will be convenient to distinguish among three types of isomerism called 
constitutional isomerism, configurational isomerism, and con-formational  :. 
isomerism. 
Note that chlorobromoiodomethane contains a chiral carbon atom and so has two 
configurations; hence two structures are possible. The other compounds (i.e., methane, 
chiorufortn, dichioromethane) have one configuration and one structure. 
General Remarks and Definitions 	8 
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Figur 1.2 The potential energy profile for n-butane. 
Constitutional isomerism occurs when the atoms of two or more mole-
cules with the same molecular formulas are arranged in a different order, 
as in n-butane and isobutanc. In other words, constitutional isomers have 
the same molecular formulas, but nonidentical constitutions . 4 
Configurational isomerism is exhibited by molecules which have the 
* 	same molecular formulas and constitutions but nonidentical configurations. 
Such molecules arc called configurational isomers. 
A distinction is often drawn (cf. refs. 12 and 13) between the types of constitutional 
isomers like n-butane and isobutane, and the class of readily interconvertilile constitu-
tional isomers known as Laujoniers, of which the keto and enol forms of acetoacetic ester 
•  are examples. In this book, no effort will be made to distinguish between tautoinerisni 
and constitutional isomerism. All isomers which have the same molecular formulas but 
nonidentical constitutions will be referred to as constitutional isomers. 
Introduction 
3. Confonnational iscrncris7n is exhibited by molecules which have the 
same molecular formulas and constitutions (and if capable of exhibiting 
configurational isomerism, the same configurations) but nonidentical con-
formations. Such molecules are Called co7lforinational isomers or confonncrs. 5 
Configurational isomers and conformers are often (cf. refs. 7 and 15) 
referred to collectively as slercoisomers. If two stercoisomers are related 
as an object and its mirror image, they are said to be cnantiomcrs. 6 For 
example, tartaric acids (a) and (b) in Figure 1.1 and conformers (a) and (c) 
of n-butane in Figure 1.2 are enantioniers. Stercoisomers which are not 
related in this manner (cf. refs. 12 and 16) are called diaslereoniers. For 
example, tartaric acids (a) and (c) in Figure 1.1 and conformers •(a) and 
(b) of n-butane in Figure 1.2 are diastercorners. 
VIislov (15) has pointed out that the concept of isomerism becomes a 
practical one only when there is some means of distinguishing between 
isomers. In particular,- interconversion of conformers is often occurring 
at a fast rate, and in order to observe them the measurement must be 
faster than their rate of interconversion. Thus, the time scale is all im-
portant in being able to distinguish between isomers. The minimum half-
life required for this purpose decreases. ' with the method of observation in 
the following order: physical isolation; magnetic resonance spectroscopy; 
torsional, vibrational, and electronic spectroscopy; and diffraction measure-
ments (cf. ref. 16). It follows that isomers which can be isolated will in 
principle be observable by all other methods. On the other hand, isomers 
which are too unstable to be isolated may sometimes be observable by 
nuclear magnetic resonance sp'ectroscopy or, if not, by infrared spectros-
copy. Consequently, the unsatisfactory aspect of regarding ioinerism is a 
practical concept resides in the paradox that molecules which are isomers 
on one time scale of observation may not qualify on a slower one. 
Isomerism may be regarded as a theoretical concept, however, if it is 
agreed that only molecules in their lowest electronic, vibrational, and 
'An arbitrary distinction is often drawn between conformers and the conformatiorial 
isomers called ulropisomers (cf. ref. 14), which are separated by it sufficiently high tor-
sional energy harrier to permit isolation of isomers. In this book, no distinction will be 
drawn between conformers and atropi.sorncrs. All conformational isomers will be referred 
to as conformers, regardless of the miguitttdc of the energy barrier to interco!LversiOn. 
'Enantiomers rotate the plane of polarized light. in opposite directions but have the 
same absolute numerical values for their specific rotations. In the past, stercoisomcrjs,n 
has included opUcal iSO??1eriS711 and geometrical isomerism. However, in View of the fact 
that enantiomers may exhibit immeasurably small optical activities or have different 
specific rotations (even opposite in sign) in different solvents, the use of terms such as 
optical isomerism is not recommended. For further discussion of the vagueness attending 
the use of these terms, see ref. 1. 
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torsional states qualify to be called isomers. When this restriction is imposed, 
of all the conformations of n-butane represented by the energy profile in 
Figure 1.2, only the three staggered conformations with zero-point torsional 
energies may be referred to as conformers. It is noteworthy that all excited 
states of the molecule corresponding to higher torsional energy levels will 
have only a momentary existence anyway, tnd will tend to lose energy in 
order to revert to one of the conformers (cf.ref. 17). Hence, our definition 
of isomerism will include the additional Proviso that it may be exhibited 
only by molecules in their pertinent ground states. 7 
A consideration of carbohydrate stereochernistiy often requires a descrip-
tion of the steric relationships between hi gands on vicinal carbon atoms. 
If we consider the conformations of n-butane shownin Figure 1.2, the 
steric relationships between methyl groups associated with torsional 
angles of 0°, 60°, 120°, and ISO" between projected C-C bonds in eon forma-
tions (f, (a, c), (d, e), and (b), respectively, correspond to the following 
descriptions: syn-periplanar (cis, syn, cis-coplanar), syn-clinal (aucJte), 
anti-clinal, and anti-periplanar (trans, anti, trans-coplanar) (cf. ref. 20). 
Since the older names indicated in parentheses are still in cornmofl use, 
they will be employed interchangeably in this book with the more recent 
terms. 
1.2 Historical Background 
Investigations on carbohydrates have played an important role in the 
development of stereochemistry. A few of the major contributions, some of 
which have influenced the advancement of our knowledge in other branches 
of organic chemistry, will now be mentioned. 
The stercochemical proofs which allowed Fischer (21; for reviews in 
English see ref. 22) to assign relative configurations to all the hexoses and 
pentoses represent one of the outstanding achievements in stereochemiry.  
Later, the determination of the ring sizes of the monosaccharides by Hirst 
(e.g., ref. 23) and Haworth (24) Prepared the way for the study of the 
conformational properties of these compounds. Although SPon. ler and 
Dore (23) were the first to discuss puckering of the pyranoid ring when 
interpreting their X-ray diagrams of cellulose in terms of the chair con- 
Other authors (e.g., refs. IS and 10) have drawn similar distinctions. One proposal (18) 
distinguishes between conformation and form, whereby the term conformation refers 
to molecules with minimum torsional energies and all other spatial arrangements Are 
designated as forms. 
6 	IfllrO(/UCliOfl. 
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former of the n-glucopyraiioid ring, it was Haworth (26) who introduced 
the term conformation into the English language and hinted at the con-
sequences 01 its consideration._Nonetheless, the application of conforma-
tional analysis to the sugars had to await developments within cyclo-
hexane systems (e.g.. ref. 27). In the light of this knowledge, Hassel and 
Ottar (2), and later Reeves (29) and \l ills (30), put the qualitative aspects 
of the conformational analysis of pyranoid rings on a sound footing. The 
unexpected preference for an electronegative substituent on C1 of a py-
ranoid ring to assume the axial orientation was first discussed by Edward 
(:31) and was later termed the anomeric effect by Lemieux (32). The 
destabilization of a conformer which places a polar bond between two 
electron pairs on a vicinni oxygen atom is now a generally recognized 
phenomenon in the conformational analysis of heterocyclic compounds 
(e.g., ref. 33). The last decade has seen the development by Angyal (34; 
see also Section 3.2) of a semiempirical quantitative approach to the con-
formational analysis of pyranoid derivatives. 
The constitutional and configurational features of many polysaccharides 
have been unraveled mainly by the methods introduced by the Birmingham 
school in the thirties and forties (for a current appraisal, see ref. 35). More 
recently. Hamachandran and his associates (36) have indicated how 
polyacehiaride chains may be analyzed for permissible conformations. 
Lndoubtedlv, the conformational analysis of polysaccharides is still in its 
infancy and important advances may be expected in the next few years 
(cf. ref. 37). 
The growth of structural carbohydrate stereochemistry has been ac-
companied (and in some instances made possible) by important advances 
in physical methods of analysis. For example, the application of the princi-
ple of optical supS.rposition by Hudson (38) in formulating his rules of 
isorotation was of great value in correlating the relative configurations at 
C 1 of the cyclic forms of the sugars. Iii more recent times, the observation 
by Lemieux and his associates (39) that, in 'H nuclear magnetic resonance 
spectroscopy, the magnitude of the spin-spin coupling constant between 
protons on vicinal carbon atoms depends on the size of the torsional angle 
between the projected C-H bonds has greatly facilitated the growth of 
conformational analysis in other areas of organic chemistry as well as 
carbohydrate chemistry. 
Important observations in the carbohydrate field have also helped to 
lay the foundations of the dynamic aspect of stereochemistry. Isbell (40), 
in the course of his investigations on the rates of bromine oxidation of 
aldoses, was probably the first to realize that the rate of a reaction is often 
dependent on .stereochemical factors. About the same time, he also recog- 
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nized (41) that neighboring groups may participate in reactions, provided 
certain steric conditions are fulfilled. 
1.3 Scope 
The material presented in the next four chapters will be limited to a 
discussion of a few stereochemical topics which have particular relevance 
to the chemistry of carbohydrates. The structural stereochemistry of these 
compounds and the equilibrium aspects of their dynamic sterrochemistry 
will receive special emphasis. By focusing attention on these aspects of the 
stereochemistry of carbohydrates, it is possible to give an account which 
is largely unique to this class of organic compounds. 
On the other hand, since many of the reactions exhibited by carbohy-
drates are common to other organic compounds, the temptation to discuss 
their reactivity from a stereochemical angle has been avoided. Although 
some excuse could have been found for such an extension of the present 
treatment, the view has been taken that the stercochemjcal aspects of 
reaction rate processes are perhaps best described within the Context of a 
discussion of reaction mechanisms. Indeed, an excellent review by Capon 
(42) of reaction mechanisms in carbohydrate chemistry has appeared 
recently and has achieved precisely this purpose. Hence, the limited scope 
of this book finds some circumstantial, as well as philosophical, justification. 
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2 
Constitution and Configuration 
2.1 Introduction 
A consequence of the constitutional properties of the carbohydrates is 
often the existence, for a given constitution, of a number of configurational 
isomers. In view of recent conceptual advances in stereochemistry, it will 
be convenient and, hopefully, instructive to approach a consideration of 
the configurational isomerism of the sugars through an examination of the 
symmetry properties of the constitutionally symmetrical acyclic carbohydrate 
molecules (e.g., CH2011.CHOH.CHQIj.CH2011). In tlii manner, it 
will become evident how the stereoisomerie relationships among different 
ligands in these molecules determine the way in which they are related to 
the constitutionally unsyrn2nctr2cal acyclic carbohydrate molecules (e.g., 
dO CHOH . CHOH . CH 2011). 
Since the stereoisorneric relationships among different ligancis in mole-
cules are dependentou.symrnetry properties, we shall preview a presenta-
tion of the configurational aspects of carbohydrate chemistry in terms 
of these relationships with a brief discussion of molecular symmetry. 
2.2 Symmetry and Point Groups 
The symmetry Properties of a molecule may be (liscUssed (1,2) in terms 
of the symmetry elements of a particular structure of the molecule. In the 
majority of cases, this means that a molecular conformittion has to be 
selected before a molecule may be examined for its symmetry elements. 
After a molecular conformation has been chosen and hence a structure 
defined for the molecule, the existence of a symmetry element is dem-
onstrated by a symmetry operation. The principal symmetry elements and 
operations are summarized in Table 2.1. Molecules which have a plane of 
symmetry o. or S i), a center of symmetry (i or S2), or other rotation-refiec- 
9 
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Lion axes of symmetry (S with n. > 2) are said to have reflection symmetry. 
Molecules with reflection symmetry are superimposable on their mirror 
images and are said to be ac/Liral. Molecules without reflection symmetry 
are not superimposable on their mirror images and are said to be chiral. 
Chiral molecules that possess no elements of symmetry whatsoever, except 
for the C1 axes which are always present,, are said to be asymmetric. An 
asymmetric molecule is necessarily also chiral, but a chiral molecule need 
not also be asymmetric, since it may posses Cn > 1) axes. 
Table 2.1 Symmetry Elements and Symmetry Operations 
	
Symmetry Elements 	 Symmetry Operations 
C,.' (axis of symmetry) 	Rotation th.boutan axis through 360°/n 
(plane of symmetry) Reflection in a plane 
il (center of symmetry) 	Inversion through a center 
S. (rotation-reflection axis of 	Rotation about an axis through 3600/n, followed 
symmetry) 	 by reflection in a plane perpendicular to the 
axis 
All molecules have the trivial C1 axis which constitutes the identity element, E. 
6 A plane of symmetry is a special case of S. with a = 1. 
'A center of symmetry is a special case of S. with a = 2. 
Each molecule may be allocated to a point group, depending on the 
combination of symmetry elements which are present. A summary of some 
important point groups, each defined by an assembly of certain specified 
symmetry elements, is presented in Table 2.2. It will be noticed that the 
boldface symbol used to denote a point group is based largely on the 
principal element of symmetry within 'the group, and that the subscripts 
help to identify other symmetry elements in the group with the point-
group symbol. 
The presence of symmetry elements and the allocation of point groups 
will now be illustrated by considering what symmetry operations in Table 
2.1 may be carried out on the chair conformers of the nine inositols shown 
in Figure 2.1. Examination of their symmetry properties shows that allo-
inositol' belongs to point group C 1 and is therefore asyninetric, D-chiro- 
It should be noted that enantiomers of the alto isomer are rapidly interconveting 
through conformational inversion of chair conformers. A more detailed discussion of this 
feature will be given in Section 3.2.2. 
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Table 2.2 Some Important Point Groups 
Point Group Symmetry. Elements 
Symmetry 
Number 
C1 E 1 
C24 E, C2 2 
D 2 E, 2C, 4 
C. B, 0, 1 
C i E,i 1 
S 4 E, C2, 84 (coincident with the C3 axis) 2 
E, C2 , 2g., 2 
C3 ,, E, C3 , 3a',, 3 
C., E, C.,,, 	00 0, V 1 
C2 ' E, C2, 0h, i 2 
D219 d E, 3C2 (mutually perpendicular), 20d, & (coincident with 
one of the C2 axes) 4 
Dsd E, Ca, 3C2 (all perpendicular to the C'3 axis), 3a'a, i, & 
(coincident with the C3 axis) 6 
D2h E, 3C3 (mutually perpendicular), 3o (mutually perpendicu- 
lar ), i 4 
D3 ,. E, C3, 3C2 (all perpendicular to the C3 axis), 3o,, o 6 
E, C, 	C2 (all perpendicular to the C. axis), 	.,, ah, 1 2 
Td E, 4C3, 3C3 (mutually perpendicular), 6q, 384 (coincident 
with the C2 axes) 12 
a Although molecules belonging to point groups C. where n> 2 are not very com-
mon, some are known to exist; for example, cyclohcxaamylose belongs to point 
group C6 . 
6 If there is only one C. axis, and if n a planes intersect at that C axis, then the 
planes are designated , (where v means vertical). 
If there is only one C. axis and no intersecting o planes, but instead a a, plane 
perpendicular to the C. axis, then the plane is designated c. (where h means 
horizontal). 
When a set of a, planes bisect the angles between a set of C'2 axes, the planes are 
designated a (where d means diagonal). 
and i.-chiro-inositol each have only a C3 axis and hence belong to point 
group C 2 and are chiral, and myo-, epi-, and muco-inositols all contain only 
a o plane and so belong to point group C. and are achiral. Of the others, all 
of which are achiral, neo-inositol has a o• plane perpendicular to a C2 axis 
in addition to having a S axis and so belongs to point group C2h, and cis-
inositol has three q planes which intersect at a C3 axis and so belongs to 
- f 
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Figure 2.1 The symmetry properties of the nine inositols. 
12 
Slercoisorn eriC Rcl&ion sit i'ps 	13 
point group C3r. 
Finally, in scyllo-inositol, the most highly symmetrical 
O
f the isomers and comparable in this respect to cyclohexaflC, three o 
planes intersect at a C3 
axis and bisect the angles between the three. C2 axes. 
With this combination ofsymmetrY elements, in addition to having a center 
of symmetry and a SG axis coincident with the 
C axis, scyllo-inositOl 
belongs to point group D3d. 
Since it is an example of a molecule having a 
principal C axis with n C2 
axes in a plane perpendicular to the principal 
axis, it is said to have dihcdrat symmetry 
(hence D). 
The number of indistinguishable but nonidentical positions through 
which a molecule may be rotated is known as the 
symmetry number. The 
symmetry numbers associated with different point groups are indicated 
in Table 2.2. Inspection reveals, for example, that while 
scyllo-inOSitOl 
has a symmetry number of (i, cis-inositol has one of only 3. Such differences 
have important consequences when assessing the contributions of entropy 
factors toward the free energy contents of configurational isomers such as 
the inosjtols (Section 3.2.2). 
2.3 Stereolsomeric Relationships 
One of the more recent developments in stereochemistrY has been the - 
recognition that the stercoisOmcric relationshiPs among ligands in molecules 
may be defined (3) in terms of molecular symmetry operatoflS. 
Ligands are termed equivalent 
if they can be interchanged by a C sym-
metry operation on the molecule. Thus, the two hydroxymethYl groups in 
1,3_propaflethol (1) are equivalent on account of rotation about a C2 
axis. 
Figure 2.2 shows that transformation of each hydroxymethYl group in 
turn to a formyl group leads to the same aldehyde (2). 
Li.-ands are termed cmaniotOI)iC 
when they may be interchanged only by 
a S symmetry operation on the molecule. Thus, the two hydroxymethYl 
groups in glycerol (3) are enantiotoPiC on account of reflection in a a- 
plane. 
Figure 2.3 shows that transformation of each hydroxymethYI group in 
turn to a formyl group leads to enanhionzcriC 
aldehydes (4 and 5).2 Although 
enautiOtOPiC ligzuids are indistinguishable in achiral circumstances, they 
arc in priticipIe distinguishable under the influence of a chiral environment. 
An enzyme is a chiral reagent and so has the ability to distinguish between 
enantiotoPiC ligands. Thus, as shown in Figure 2.4, ATP: glycerophos-
photransferase catalyzes (1, 4, 5) 
the phosphorYlatiohi of glycerol (3) by 
adenosine triphosphate (ATP) at only one of the hydroxymethYl groups 
'. carbon atom which bears cnant.iotopic ligands is sometimes (4) referred to as a 
procitiral carbon atom, for example, C2 in glycerol. 




HOH2C 	CHO 	 OHC 	 CH20H 
cs 
(2) 
Figure 2.2 Equivalent ligands. 
HoH 




/\ 	 I 	
C. 
OHC 	CH20H - 	 HOH2C 	 CHO 
C, 	 Cl 
(4) 	 (5) 
Figure 2.3 Enantiotopic ligands. 
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ATP: glycerophospho- 
transferase 
H \ ,OH 	
Mg 68 	
HQ\ 
C' 	+ ATP 	 .. 	C' 	+ ADP 
HOH2C 	CH20H 	 H03POH2C. 	CH20H 
Glycerol 	 (-) -a-Gtycerophosphate 
(3) 	 (6) 
Figure 2.4 Enzyme-catalyzed phospliorylation of glycerol to (—)-a-glycerophosphate. 
to give (—)-a-glycerophosphate (6)—but no (+)--glycerophosphate-
and adenosine diphosphate (ADP). 
	
• 	Ligands are termed dia.slereolo pie when they cannot be interchanged by 
• any symmetry operation on the molecule. Thus, the two hydroxymethyl 
groups in 7 are diastereotopic on account of the absence of any symmetry 
operation that will interchange them. Figure 2.5 shows that transforma-
tion of each hydroxymethyl group in turn to a formyl group leads to 
diastereomeric aldehydes (8 and 9). 
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Under nuclear niagnet•c resonance examination in chiral or achiral 
solvents, equivalent nuclei exhibit tilt' same chemical shift and are said to 
be ioe/sronoas, whereas ditstereotopic nuclei exhibit different chemical 
shifts, barring accidental coincidence of signals, and are said to be anise-
chrnnous. Enautiotopie nuclei are isochronous in achiral solvents but 
may be atiisochronous. at least in principle, in chiral solvents. 
2.4 Fischer Projection Formulas and Configurational Nomenclature 
Historically, the particular configurations for enantiomers 4 and 5 
shown in Figure 2.3 were assigned arbitrarily to (±)-glyceraldeliyde 
(dext.rorot.atorv) and (—)-glyceraldehycle (levorot.at.ory). respectively. 
However, in 19.31, evidence (6) that this assignment was tlie correct one 
came from a crystnl structure analysis of sodium rubidium (+)-ttrtrate, 
employing the method of anomalous X-ray scattering. The Fischer projec-
tion formulas for 4 and 5 are shown in Figure 2.6. 1 They are obtained (9) 
by orientating 4 and 5 so that the chiral carbon atom is in the plane of the 
projection, the forrnyl and hydroxymethyl groups are inclined equally 
below the plane of the projection, and the hydroxyl group and hydrogen 
atom are inclined equally above the plane of the projection. it is important 
to remember that Fischer projection formulas should not be lifted out of 
their projection plane. Also, although they may be rotated in the projec-
tion plane thrugh 1SO°. it is not permissible to rotate them through 900  or 
270, since horjzontal hoods must be projected above the plane and vertical 
bonds below the plane according to Fischer's convention. 
One configurational nomenclature, convention employed to distinguish 
between (+)-glyceraldehyde (4) and (—)-glyceraldehyde (5) assigns the 
descriptor n to (±)-glyceraldehycle, since it has the hydroxyl group on 
the ri!'//t in the Fischer projection formula (0). The descriptor L is assigned 
to (—)-glyceritldehvde (4), since it has the hydroxyl group on the left in 
the Fischer projection formula.' Hence, the descriptors n and L specify 
the absolute configuration. 
Although these representations are usually called Fischer projection formulas, they are 
in fact modifications (7) of the original tetrahedral type of representation proposed by 
Fischer (8). - 
In the early literature, the symbols d and 1 were also employed as configurational 
descriptors. However, occasionally they were confused with the rotational symbols 
(+) and (—) through the abbreviation of the terms dez!rorotators and lcz'orctalory to d 
and I, respectively. Noitctheless, a racemic form is still referred to as a dl-pair or dl-
niudiacation. In this euittex, there is no ambiguity. 
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D-GLyceratdehyde L-Gtycerat dehyde 
(4) 	 (5) 
Figure 2.6 Fischer projection formulas of (+)-glyceraldehyde and 
(— )-glyceraldehyde. 
Although the DL convention is usually employed with carbohydrates for 
reasons that will soon become apparent, a nomenclature convention which 
has more general applicability in organic chemistry as a whole is that 
devised by Cahn, Ingold, and Prelog (10). This convention is based on a 
sequence rule, which gives to the atoms attached to the chiral center a 
priority that decreases with decreasing atomic number. If the atoms at-
tached to the chiral center are the same, the priority is determined by the 
atomic numbers of the atoms further away. 1\[ultiple bonds are considered 
formalistically as multiple single bonds, so that a formyl group, for example, 
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is treated as a carbon atom with two oxygens and one hydrogen attached 
to it. Thus, in glyceraldciiydc, on the basis of these rules, the priority is 
as follows: OH > CHO > CH 20II > H. After the sequence of the substi 
uents attached to the chiral center has been established, the molecule is 
viewed (Figure 2.7) from the position most remote from the ligand of 
lowest priority (the hydrogen atom in the case of glyceraldehyde) along 
- 	. 	 H sOH 
OHC 	CH2OH 
(•)Glyceratdehyde 
H 	OH %*\Cs s s 
/\ 
HOH2C 	 CHO 
(-)-Glyceraldehyde 
.1 (OH\ ___ 




''' • CH2OH - observe 
CHO'  
(S)-Gtyceratdehyde 
(4) 	 (5) 
Figure 2.7 The Cahn-Ingold-Prelog convention applied to (-+)-g!yceraldehyde and 
(— )-glyceraldohyde. 
the axis coincident with the bond joining it to the chiral center, and, 
according to whether the order of decreasing priority of the three remaining 
ligands is clockwise or anticlockwise, the absolute configuration is specified 
as (R) or (8), respectively. Thus, (+)-glyceraldehyde (4) has the (.7?)- 
• 	 configuration, and (—)-glyceraldchyde (5) has the (8)-configuration. 
A knowledge of the Cah n-In gold-Pre log convention is useful when dis-
cussing the symmetry properties of constitutionally symmetrical molecules, 
which is the next topic to be considered. 
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2.5 Constitutionally Symmetrical Acyclic Carbohydrates 
When we consider acyclic carbohydrate molecules with more than one 
chiral carbon atom, the specification of the absolute configuration at all 
the carbon atoms is a less simple tusk. First, we shall examine the consti-
tutionally ,, cyclic polyhydric alcohols or aldi(ols,5  which have the general 
constitutional formula CH 2011 (CHOH)CH2011 (when n = 2, we have 
the let )-itols; when n = 3, the pentilols; when n = 4, the hexilols; when n = 5, 
the heptztols; etc.). When n is even, the number of chiral configurational 
isomers is 2n_1 and the number of achiral configurational isomers or ?flCSO 
isomers 6 is 2(_I2 . When n is odd, the number of chiral configurational 
isomers is 2' - 2(_/2 and the number of rneso isomers is 2(_'
2 (Table 
2.3). 
Table 2.3 Configurational Iso?ñerism among the Alditols 
Alditols n 
Number of Chiral 
Configurational Isomers 




Tetritols 2 2 1 3 
Pentitols 3 2 2 4 
Hexitols 4 8 2 10 
Heptitols 5 12 4 16 
There are only three tetritols (Figure 23), two (10 and 11) with C 2 
symmetry and one (12) with C, symmetry. In their case, as in the re-
mainder of the sugar series, the carbon chain of the Fischer projection 
• formula is numbered from top to bottom and it is the absolute configura-
tion of the highest-numbered chiral carbon atom which determines the nature 
of the configurational descriptor. Specification of the relative configurations 
at the other chiral carbon atoms is given by the generic prefix.' Thus, the 
name threo indicates that the hydroxyl groups are on opposite sides of the 
$ The term glycilol is also used. 
'The term wcso is specifically used in reference to isomers which are achiral when there 
also exist isomers which are chiral. 
When the D1 convention is used, the generic prefix specifies the relative configuration 
and the configurational descriptor distinguishes between the two enantiomers, that is, it 
• specifies the absolute configuration. Although employment of the Cahn-Ingold-Preiog 
convention requires specification of the absolute configuration at each chiral carbon 
atom, it does permit the use of IUPAC nomenclature. For example, D-threitol is (2R, 
3R)-2,3,4-trihydroxy-butanol according to the Cahn-Ingold-Prelog convention and 
ITJPAC nomenclature rules. 
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Fischer projection formula, 8  whereas the name erythro indicates that they 
• 	 are on the same side. With mesa isomers, such as erythritol (12), corifigu- 
rational descriptors are not required. 
- 	
. There arc four pentitols (Table 2.3), and their Fischer projection formulas 
• 	 are shown in Figure 2.9. Two (13 and 14) are enantionmrs andasymmetric, 
and two (15 and 16) have C. symmetry. It is interesting that in both i-
arabinitol (13) and L-arabinitoj (14), 9 C 3 is not a chiral carbon atom. 
This comes about because C2 and 04 have the same absolute configura-
tion [(I?) in 13 and (8) in 141, making the two CH2OH.CI-C110 groups 
attached to 03 identical. Therefore, exchange of any two ligands on 03 
gives a molecule indistinguishable from the original and shows that Ca i s  
not a chiral carbon atom.'° In the case of both ribitol (15) and xylitol (16), 
The extension of Fischer projection formulas to molecules with two chiral carbon atoms 
is illustrated in Figure 2.8. In those with three or more chiral carbon atoms, the con-
formation which is projected onto the plane is the one in which the carbon atoms are 
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Although a Fischer projection formula corresponds to a conformation of high symmetry 
and is a useful configurational representation, we shall see in Section 3.3 that acyclic 
carbohydrate molecules do in fact exist as zigzag or sickle conformers in solution as well 
as in the rrvstalhjimc suite. 
If the Fischer projection formula shown in Figure 2.0 for D-arahimiitol (13) is rotated 
• 	 through ISO* in. the plane of the projection (which is allowed), the nomenclature con- 
vention dictates that 13 be named D-lvxitol. Thus, D-arabinitol and D-lyxitol are Syz1 
• 	 nyms. The same observation 11046, of course, for the enantiomer (14). It is a general 






account of a C 2  symmetry operation. Thus, replacement of either by a hydroxyl group 
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Figure 2.8 	The tetrito!s. 
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• 	 the two CFI 20H CHOTI groups (L) attached to C 3 are of opposite con- 
figuration and it is :t chiral carbon atom, since exchange of any two ligatids 
Oil 03 interconverts the two diastereomer.. However, since C 3 lies on a o 
plane, it constitutes a special case of a chiral center and is sometimes re-
ferred to as a pscudoasynt,netric carbon atom (11). When the subrule (10) 
that L 12 precedes L.5 in priority is employed, the absolute configuration at 
C3 of 15 and 16 is specified by (s) and (r), respectively, in a manner 
• similar to the specification of absolute configuration at chiral centers by 
(8) and (R). It is worthwhile noting that, whereas the generic prefixes 
ribo and xylo specify the relative configuration at three chiral carbon atoms, 
the generic prefixes arabino and lyxo specify it at only two chiral carbon 
atoms in constitutionally symmetrical molecules." 
There are ten liexitols (Table 2.3), and their Fischer projection formulas 
are shown in Figure 2.10. Four (17-20) have C 2 symmetry, two (21 and 
22) have C. symmetry, and the other four (23-26) are asymmetric. The 
generic prefixes manno, ido, allo, galacto, gluco, gulo, tab, and altro specify 
the relative configuration at the four chiral carbon atoms. The asymmetric 
hexitols (23-23) have alternative Fischer projection formulas and names. 
• 	 Of the sixteen heptitols (Table 2.3), four have C, symmetry and twelve 
are asymmetric. The reader is invited to satisfy himself that in four of the 
• 	twelve asymmetric isomers C 4 is not a chiral center, whereas in the four 
rncso isomers C 4 is a Pseudoasymmetric carbon atom. 
Another important class of constitutionally symmetrical acyclic carbo-
hydrates consists of the aldaric acids,12  which have the general constitu-
tional formula 000H.(CHOH) 4 .000H. Their symmetry properties are 
identical with those of the corresponding alditols. - 
• 	- 	2.6 Constitutionally Unsymmetrical Acyclic Carbohydrates 
- 	 When one of the hydroxvmethyl groups of an ixlditol is replaced by a 
• .. . formyl group, the constitutionally unsymmetrical acyclic molecule that 
results is termed an aldose. Thus, aldoses have the general constitutional 
formula CHO.(CHOH).CH.,OH (when it = 1, we have the aldotrioses; 
• 	. 	 when n = 2, the aldotetroses; when n = 3, the aldopentoses; whicii n = 4, 
the aldohexoses; when n = 5, the alcbolzeptoscs; etc.). The number of chiral 
• 	 configurational isomers is 2", and the number of enantiomeric pairs is 
2"' (Table 2.4). The configuration of an aldose is specified for the Fischer 
However,  in constitutionally unsymmetrical molecules the generic prefixes arabino 
• 	 • and lyxo specify the relative configuration at three chiral carbon atoms. 
• . 	
13 The terms glycaric acid and saccharic acid are also used. 
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Figure 2.10 The hexitols. 
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Table 2.4 Configurational Isomerism among the Aldoses 
Number of Chiral 	Number of Enantiomeric 
A1does 	n 	Configurational Isomers Pairs (i.e., dl-pairs) 
Ti'ioses 1 2 1 
Tetroses 2 4 2 
Pentoses 3 8 4 
Hexocs 4 16 8 
V 	 Heptoses 5 32 16 
projection formula with the formyl group at the to!) and the carbon atoms 
numbered from top to bottom. The absolute configuration of the highest-
numbered chiral carbon atom determines the nature (D or L) of the con-
figurational descriptor, and' the generic 'prefix (threo, ribo, gluco, etc.) 
specifies the relative configurations at the other chiral carbon atoms (cf. 
the alditols). 
It is convenient to consider the relationship between the aicloses and the 
alditols in terms of the symmetry properties of the latter. A classification 
of the aiditols according to their symmetry properties leads to the following 
Observations: 
1. Alditols with 02 symmetry have equivalent hydroxyrnethyl groups. 
Thus, replacement of each hydroxymethyl group in turn by a formyl 
group leads to the same aldose. This manipulation is illustrated in Figure 
2.11 for D-threitol (10). 
CHO 
V 	 1CH2OH 	
22HCi. Ho--: 
	 V 
21 	 CH2OH 
HO—C—H 
I 	 III 	0-Threose 
31 III 
H—C—OH 	 V 
41 	 CH2OH 
CH20H 	
H0--H 
OThreitol 	 4CH20H—CHO 	H—C—OH 
.HO 
(10) 	 V 
Figure 2.11 Aldoses related to alditls with C2 symmetry, for example, threitol (10). 
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Alditols with C. symmetry have enantiolopic hydroxymethyl groups. 
Thus, replacement of each hydroxymethyl group in turn in such alditols 
(cf. glycerol) by a formyl group leads to enanhiomeric aldoses. This manip-
ulation is illustrated in Figure 2.12 for xylitol (16). 
Alditols which are asymmetric (i.e., belong to point group C 1 ) have 
diastereotopic hydroxymethyl groups. Thus, replacement of each hydroxy- 
CHO 
H--OH







HO— C —H 











Figure 2.12 Aldoses related to alditoLs with C. symmetry, for example, xylit&l (16). 
methyl group in turn in such alditols by a formyl group leads to dia.stereo-. 
merle aldoses. This manipulation is illustrated in Figure 2.13 for n-glucitol 
(23). 
The symmetry-based correlation of the aldoses with the alditols is sum-
marized in Figure 2.14. It is this correlation between the aidoses and 
their constitutionally symmetrical acyclic derivatives, such as the alditols 
and the aldaric acids, that helped Fischer to elucidate the relative con-
figurations of all the hexoses (9, 12). 
When the CHOH group at C of an alditol is replaced by a carbonyl 
group, the constitutionally unsymmetrical molecules that result are termed 
ketoses and have thp general constitutional formula CH--,0H - 00-    (CHOH),,. 
CH 20II. When n = 3, we hive the kelohexoses, of which there are 2 1 or S. 
Their Fischer projection formulas are shown in Figure 2.15, along with 
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CHO 





















Figure 2.13 Aldoses related to asymmetric alditols, for example, D-glucitQl (23). 
their generically based systematic names and their trivial names (in 
parentheses). Reduction of a ketohexose lends to the formation of a new 
chiral center, and the two diastereonieric hexitols which are obtained and 
which differ in configuration at one, and only one, chiral center are referred 
to as epuflers. 13 
In weakly basic aqueous solutions, an aldose (e.g., D-glucose) is partially 
converted via a 1,2-enediol intermediate as shown in Figure 2.16 into its 
C 2  epimeric aldose (e.g., D-mannose) and its corresponding constitutionally 
isomeric ketose (e.g., D-fructose). The transformations are reversible, but 
side reactions are usually so preponderant that equilibrium is never in 
fact established. 
27 Loctols 
When certain aldehydes and alcohols are mixed together, heat is evolved, 
and there is evidence (13) that 1 mole of aldehyde reacts almost quantita- 
23 An isornerization involving a change in configuration at one, and only one, chiral 
center is usually called an epimerization. 	 - 
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(D-Fructose) (0-Sorboe) 
Figure 2.15 The ketohexoses. 
28 
	





tively with 1 mole of alcohol to form a hemiacetal (Figure 2.17). For ex-
ample, the heat of solution of gaseous formaldehyde in methanol at 23° is 
15 kcal mole' of formaldehyde (14). Although the position of equilibrium 
between a herniacetal and its precursors is dependent on the size of the 
substituent. on the formyl group, derivatives of aldehydo-D-galactose ( 15) 
and aldehydo-D-galact-uromc acid (16) 14 are known to form stable herniae-
etal with a number of alcohols. 
It is useful to consider the symmetry designations of the H—C=O 
faces of an aldehyde when it reacts with an alcohol to form a hemiacetal. 
34 A uronic acid is an aldose in which the hydroxymethyl group has been replaced by a 
carboxyl group. It is also worth noting here that, when the forrnyl group of an aldose is 
replaced by a carboxyl group, we have an aldonic acid. The corresponding lact-oncs, 
which in some instances may be derived from these two acids, are termed uronolaclones 
and aldonolactones, respectively. - 
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CHO 	 CHOH 	 CHO 
H—C—OH 	- 	COH 	 - 	HO—C—H 
I I I 
CHOH 	 CHOH 	 CHOM 




Figure 2.16 The base-catalyzed interconversions of C, epimeric aldoses and their cor-
responding constitutionally isomeric ketoses. 
On account of C2, symmetry, the faces above and below the H—C=O 
plane in formaldehyde are equivalent, and therefore, the addition of an 
alcohol (e.g., methanol) from either side yields the sante hemiacetal (Figure 
2.17a). In aldehydes which have C, symmetry (e.g., acetaldehyde), the 
faces above and below the H—C=O plane are enantiotopic, so that addi-
tion of an achiral alcohol such as methanol yields enanhiomeric hemiacetals 
(Figure 2.17b). If the aldehyde is asymmetric, the faces above and below 
the H—C=O Plane are dia.stereotopic, and addition of an alcohol yields 
diaslcreorncric hemiacetals. Two diastereomeric hemiacetals (Figure 2.17c) 
of the methyl ester (27) of alde/,ydo-2,3,4,5-tetra-0-acetyl-D-galacturonic 
acid have been obtained as crystalline compounds. 
In view of the propensity for hemiacetal formation, it is not surprising 
that appropriate hydroxyaldehydcs and hydroxyketoncs form cyclic hemi-
acetals and hence exhibit constitutional isomerism between their acyclic 
and cyclic forms. In fact, both 4-hydroxybutanal (28) and 5-hydroxypcn-
tanal (29) exist (17) predominantly as cyclic herniacetals, which are often 
'. referred to as lactols. Since both hydroxyaldehydes have C. symmetry 
(cf. Figure 2.17b), they exist in equilibrium (Figure 2.1S) with their 
enantiomeric lactols. 
In the case of the asymmetric aldoses and ketoses, not only do they form 
diastcreomeric lactols, but they also exhibit constitutional isomerism 
between different sizes of lactol rings. Although five-membered and six-
membered lactol rings form (17) quite readily, other lactol rings are not so 
(a) C=O + CH30H 
H, 	/0K 
C, 
H, CM3 	0CM3 
(b) 	 C0 	+ 	CH0H 
CM3 
- - - - 
H, 	/0CM3 
-  C ci\OK 
H\O H i 
H 
H—C—OAc 
(C) 	AcO-1,_H 	+ 	C2H5OH 	- AcO—C--H 	+ AcO—C--H 
AcO—C--H AcO-1—H AcO—C--H 
H-C—OAc H—C—OAc H—C—OAc 
COOCH3 O0CH3 00CH3 
(27) - 
Figure 2.17 	Hemiacetal fornatioa, involving aldehydes with (a) equivalent faces, 
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Figure 2.18 Lactol formation. 
stable. In the case of monocyclic carbohydrate derivatives, six-membered 
lactol rings are usually more stable than five-membered ones. If the lactol 
ring is a five-membered one, the suar is said to be a furanose;' if a six- 0 
 one, a pyranosc. 
1 6 These names were introduced by Haworth (18), who suggested that five-membered 
lactol rings may be related to furan (A) and six-membered lactol rings to pyran (B): 
01 0 
(A) 	 (B) 
The names are now employed in a purely operational sense and may refer to lactol rings 
with heteroatoms other than oxygen in the ring. 
32 	Cons/if u/lou and Configuration 
In aqUeOUS medium at about p11 6.9, an equilibrium solution of D-
glucose conthins' 6 only 0.0026% of the aldehydo form, as determined by a 
polarogritphic method (19). Although the proportion of furanoses in an 
equilibrium solution of D-gluCose is small (20), aldehydo-D-glucose (30) is 
shown in Figure 2.19 in equilibrium with its dia.stereomeric furanoses 
(31 and 32) stid dinstereomeric pyranoses (33 and 34). Diastercomers such 
as 31 and 32, and 33 and 34, which differ in configuration at C1, and only 
• 	 C 2 , are referred to as anomers.' 7 
Although the most common lactol rings encountered are the furanoses 
and the pyranoses, seven-membered lactol rings called sevtanoses may be 
• formed if the hydroxyl groups of an aldose or ketose are suitably substi-
tuted. Thus, 2,3,4,5-tctra-O-methyl-n-glucose exists (21) to some extent in 
both water and chloroform solutions as one (35) of its septanose forms. 
OH 
%%
t 9tO  CH3O 	 CH3 




When a sugar in the D-series is oriented so that the numberings on the 
carbon atoms in the ring increase in a clockwise direction, looking at the 
ring from above, the a-ano;ner has the hydroxyl group on C 1 inclined 
bciow the plane of the ring, and the 3-anon.zer has the hydroxyl group on C i 
inclined above the plane of the ring (Figure 2.19). In the L-series, this 
definition is reversed, so that, for example, the enantiomer of a-D-manno-
pvratiose (36) becomes a-L-mallflopyranose (37) (Figure 2.20). The nature 
of the symbol (a or ) used to denote the relative configuration at the 
anomeric center is governed by the absolute configuration at C 5. Thus, the 
heptopvrauose shown in 38 is L-glyCCrO--D-allO-IlCtopyraflOSe.' 8 
" Reason.-; for the very much lower concentration of the aldehydo form of b-glucose 
compared with the concentrations of 4-hydroxybutanal (28) and 5-hydroxypentanal 
(29) in equilibrium with their lactols are given and discussed in Chapters 3 and 5. 
An isomerizalion involving a change in configuration at C1, the so-called anoneric 
renter, is usually termed an anonlerization. 
18 The generic prefixes glycero and (1110 define the relative configurations at C, and at 
C2, C3, C 4, and C8, respectively. The descriptors D and L establish the absolute con-
figurations at C 8 and C6, respectively. 
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Figure 2.10 Some of the possible constitutional and configurational isomers present in 
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Finally, we shall consider an instance in which acyclic-cyclic constitu-
tional isomerism leads to the formation of equimohtr proportions of en-
antiomers. This occurs after the D-galactose : 02 oxidoreductase (o-
gainctose oxidase) catalyzed (22) oxidation of D-gahlctoSe (39) at C6 
(Figure 2.21), when the initially formed product, D_gOlCC1OheXOdiaId0l 0 
pyranosC (40), isomerizes via the acyclic form with C symmetry to 
L-
galactohexodiaido_1,5_PYb0se (41). An equimolar mixture of enantiomcrs 
is called a dl-pair, dl-modification, or racemic form, 
and the process which 
leads to its formation is usually referred to as racemizatiOfl. 19 
10 Raccn'LizatiOn is an irreversible process since formation of a dt-pair is favored by an 
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Figure 2.21 Da.GaOheX0d1ald0 
2.8 Perspective Formulas 
In this book the convention suggested by Mills (23) has been used for 
representing cyclic carbohydratCS, ° 
 whereby they are drawn as perspective 
formulas with the ring (or rings) projected into the plane of the paper, and 
the  orientation of the substituefltS above or below the ring (or rings) is 
represented by solid or broken lines, res
pectively. Although perspective 
formulas may be rotated in the plane of the paper at will, furanose and 
pyranose rings will be drawn where possible in this book with the same ori-
entations as those in Figure 2.10. The adoption of this type of perspective 
20 
Wherever possible, conformational formulas will be used to represent cyclic compounds 
.known to exist predominantly as one conformer. however, in this chapter and subse-
quently, if a cyclic 
 compoutid is known to be conformatiOt1a11Y mobile and only a consti-
tutional and configurational representation is required, perspective formulas will be 
used. 
36 	Cün.stilnt ion and Configuration 
formula by curbolidrate chemists would bring the constitutional and 
configurational representation of carbohydrates into line with that of other 
cyclic natural products, including steroids, terpenoids, and alkaloids. 
Moreover, as Mills (23) has pointed out, the alternative Haworth perspec-
tive formulas (18), which show the ring at right angles to the plane of the 
paper with substitunt5 placed above or below this plane, are suitable oniy 
for the representation of monocvclic systems and a few simple polvcyclic 
systems. Xonetlielcss, they are widely used by carbohydrate chemists. In 
the past, Fischer projection formulas have also been employed to represent 
cyclic compounds; however, they are not found very often in the Present-
day literature. 
Examples of both Haworth perspective formulas (31a and 33a) and 
Fischer projection formulas (31b and 3g1l) are given in Figure 2.22. The 
decision to adopt a specific convention in this book does not preclude the 










a-o-Gtucofurar,cse 	 a-O-Gtucopyranose 
(33a) 
H\ /OH 	 H\ /0K 
H— f-0H1 
HO—C—H 	 HO—C—H I 
H—C—OH 
H--OH 	 H- I 	 I CH2OH 	 CH2OH 
a -0-GI ucof uranose 	 a- 0 -GI ucopy r anos e 
(33b) 
Figure 2.22 Haworth perspective formulas (31a and 33a) and Fischer projection 
formulas (31b and 33b). 
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2.9 Homornorphous. Sugars 
Aldoses and ketoses are often described collectively as free sugars or 
reducing swjars,2' and perhaps less frequently as glycoses. Reducing sugars 
(containing five or more carbon atoms), which have the same configura-
tions at cOrrCspOfl(liflg carbon atoms around the pyranose ring, often have 
very similar physical, chemical, and enzymic properties and have been 
termed (24, 25) hornornorphous sugars or horn ornorphs. 
Figure 2.23 shows that the aldopentopyranoses, aldahexopyranoses, and 
21 Aldoses and ketoses have been referred to as reducing sugars, since they have the 








-0-Talopyraflose. Rz CH20H 
lÀ atRibopyraflose 
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I i La - LrUCtOpyraflOSe. R3=CH20H 128 
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HO 	OH 	 HO 	
OH 
1P_Ma0P 	R 1 CH20H 	 r_o_GtucopYranose. R1:CH2OH 
3A p-o-Lyxopyranose 	 1 A p-o-XyLopyranoSe 	 1 
[_o_TagatoPranose. R3.CH20HL 39 	[-D-SorbopYranose. R 3 =CH20H 48 
a-L-GutopyranoSe. R 2 CK20HJ 	 a-L-Idopyranose. R2CH20H J 
Figure 2.23 The four pairs of hornomorphous pyranoses. R,, R, and R, are H unless 
otherwise stated. 
SS 	(_ws1i1uimz a nd Cunflijuralion 
ketohexopyranoses may be considered to form eight groups (1A, 113, 2A, 
2B, 3A, 3B, 4A, and 413) of homomorphs. 2 These groups have been con-
sidered as four pairs in Figure 2.23, since aldohexopyranoses which differ 
in configuration at C 5, and only C 5, are related to the same aidopento-
pyranoses and ketohexopyranoses. Therefore, if this classification of these 
sugars into homomorphs is considered in terms of those which have the 
same configurations at the corresponding  -carbon atoms around the furanose 
ring, there are only four groups (1, 2, 3, and 4 in Figure 2.24) of homo-
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a-L- Psicoivanose, R,.CH20H R2 .CH20H 
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p-o-Lyxfurznoss. R.CH20H 
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p -o-GaIactofuanoe. R.CH2OH.CHOH 
2 I a 
-L.AfabinofU,anose. R,.CH20H 
CL -t.-EructofuranoSe. R,.CH20H. RsCH2OH 
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h I 	
0Xy10furaflo$e. R, .CH2014 
p -0-Serbfutzwse. R , -CH20H. R2 .CH20H 
L a--IdofurnoS*. R 1 .CH2OH.C)IOH 
Figure 2.24 The four pairs of hornomorphous furanoses. 
2.10 Glycosides a nd Gtycosidllc Anhydrides 
In the presence of an acid catalyst and an alcohol, reducing sugars form 
mixed cyclic acetals which are referred to as g lycosides. Thus, two of the 
products obtained on treatment of n-glucose with dry methanolic hydro-
gen chloride are methyl a-D-glucopyraflOSide (42) and methyl)3-D---IUCO- 
22 In classifying these hotnomorphs only one anomer has been considered. If we chose to 
consider the other anomer, the number of groups of homornorphs would be doubled. 
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pyranoside (43). The substituent on O (the methyl group in 42 and 43) 











Methyl -a -O-gIucopyrnoside 	 Methyt - p - D -tucopyranoside 
(42) . 	 (43) 
Reducing sugars also undergo intramolecular condensations in the 
rescnce of an acid catalyst to give internal glycosides or glycosidic anhy-
drides. Thus, D-idOSe is partially converted into 1,6-anhydro-$-D-idopyra-
nose (44) in weakly acidic solutions (see Section 5.6). 
HO 	 "H 
1.6-Anhydro -P -0-idopyranose 
(44) 
2.11 Oligosacchorides 
Reducing sugars, glycosides, glycosidic anhydrides, and their derivatives 
are referred to collectively as monosaccharides. When the aglycone is an-
other monosaccharide unit, the dinieric product which results is called a 
disaccharide. Furthermore, disaccharides may be classified as reducing 
Oactol hydroxyl group present) or nonreducing (lactol hydroxyl group 
absent). Both 4-0-a-D-glucopyranosyl-D-glucose (maltose, 45) and 4-0-3- 
CH29H 	 CH20H 
0 
HO" 	 "O" 	 OH 
HO 	OH 	HO 	OH 
Maltose 
(45) 
40 	(,,I.fl(U:?Un fiJ?i1 L'i'nfi, urnti.'n 
D-gIu(u;)yranosy!-r)-glucose (ccllohioe, 46) are reducing disaccharides, 
which differ, in configuration at the anomeric carbon atom of their non- 
CH20H 	' 	CH20H 
H011 , 	 0111 	 OH 
HO 	OH 	HO 	OH 
CetIobose 
	
(46) 	 - 
reducing u-glucose residue. Maltose contains an (1-4)-+4) 	linkage, 
and cellobiose a (1-4)-glvcosidic linkage. In a-D-glucopyranosyl-$-D- 
fr.uctofuranoside (sucrose, 47), the lactol hydroxyl groups of each mono- 
- 	 ' 	CH2OH. 
HO 	OH 
-, 	 Sucrose 
- 	(47) 
accharide unit are involved in glycoside formation and hence the di-
saccharide is nonreducing. When a uronic acid residue is linked glycosidically 
to a neutral monosaccharide unit as in 6-0-$-D-glucopyranosyluronic acid-
u-galactose (48), the acidic disaccharide is usually called an aldobiouronic 
• 	 acid. 
In addition to being either reducing or nonreducing, a ri.saccharide- 
the next higher homolog—may be branched, for example, O-$-n-gluco- 	F 
COOH 
HO­ 	 OCH2 




pyranosyl(16)_O__D_glUCOPYraflOSYl(13)1D_gluc0Se (49), or, of course, 
it may be linear .23 
CH2OH 
0 
HO" 	 OCH2 
- 	 0 





'OH 11  
(49) 
Disaccharides, trisaccharides, and higher homologs up to about deca-
saccharides are often referred to collectively as oligosaccltarides. 
2.12 Polysaccharides 
Carbohydrate polymers of glycosidically linked monosaccharide units 
are called polysacciiaridcs. If a polysaccharide contains one kind of mono-
saccharide unit, it is termed a hornopolysacclzaridc; if it contains more than 
one kind, a hetcropolysaccharide. 
The constutional and configurational properties of a polysaccharide 
define its primary structure. In other words, a knowledge of polysaccharide 
primary structure implies a knowledge of the constitution of the poly-
saccharide and of the configurations at all the chiral carbon atoms associated 
with the monosaccharide residues which comprise the polysaccharide 
chains." 
"A reducing trisaceharide is said to be branched if each of two non-reducing mono- - 
saccharide residues is linked glycosidically to the reducing sugar residue. In a linear 
trisaccharide, the monosaccharide residues are linked glycosidically to each other in a 
head-to-tail fashion. 
2 The term chain is often used to describe linear portions of polysaccharides, when 
monosaccharide residues are glycosidically linked to each other in a head-to-tail fashion. 
Polysaccharides may be linear or branched. In this context, the terms linear and branched 
are used only in a primary structural sense (cf. the description of linear and branched 
trisaccharidcs) and do not imply any description of the conformation of the polysac-
charide. 
41 	ttjt1/tOfl and C. ,Iç,lii1urcfl'zon 
B(:for( 	nLeriiig into :i. discussion of the primary structures of sonic 
1)013'8. cciitriues, it is irnport:tnit that. the reader should appreciate the 
• 	 COflCCI)t of polydispersity (26) in regard to polysaccharide preparations. 
• There is good evidence to suppose that polysaccharides which have been 
elaborated biosynthctically are unlikely to be composed of truly identical 
• 	 molecules. The variation in molecular architecturO is manifest in both their 
physical and their chemical properties. 
It is customary in synthetic polymer chemistry to distinguish between 
rnonodisperse and polydisperse preparations, and these distinctions may be 
extended (26) to natural polymers such as polysaccharides. If the prepara-
tion contains identical molecules, it is said to be monodisperse, that is, 
there are no variations in all the measurable physical and chemical proper-
ties, as shown in Figure 2.25a. If, however, there is a variation in some of 
the physical and chemical properties of the separate molecules that com-
prise the polymer preparation, and if this variation is unimodal, that is, the 
distribution curve has one minimum and two points of inflection, as shown 
in Figure 2.25b, the preparation is said to be pa1 ydisperse. If t1w preparation 
contains two or more monodisperse polymers (Figure 2.25c), or if time 
distribution curve for any measurable property is bimodal or polymodal 
• 
	
	 (Figure 2.25d), the polymer is said to be heterogenous.25 To date, no 
naturally occurring polysaccharides have been shown to be monodisperse. 
Although it may be argued that polydispersity could be a consequence 
of degradative changes brought about during isolation from the natural 
source, present evidence (26) indicates that some variation in primary 
structure is to be expected from the fact that polysaccharide biosynthesis 
is more remote from gene control than is protein biosynthesis; polysac-
charide biosynthesis is gene controlled only in so far as enzymes involved 
in the biosynthetic pathways along the route to polysacchnrides are under 
primary gene control. A consequence is that ninny of the more complex 
heteropolysaccharide molecules, in particular, probably have molecular 
• . architectures which are characterized by regions associated with various 
degrees of primary structural order and disorder. 26 
One of the manifestations of polydispersity in polysaccharide prepara-
tions is molecular weight distribution. As a result, we may only obtain an 
average molecular weight for a polysaccharide, There are different types of 
averages, and the actual average obtained depends (2S) on the method of 
molecular weight determination. 
" The term homogeneous is often used to describe a preparation which is polydisperse. 
This is an expression of opinion, since, strictly speaking, we cannot distinguish between 








P 	 P 
Figure 2.25 Some typical distribution curves (26) where ni is the number of molecules 
having a quantity p of a physical or chemical property for (a) monodisperse, (5) poly-
disperse, and (c) and (d) heterogeneous preparations. 
The primary structure of glycogen, the reserve polysaccharide of the 
animal kingdom, is that of a branched glucan (i.e., it is composed of 
glucose) containing chains with an average of about twelve a(1-4)-
llkcd D-gIUCOSC residues in a highly ramified tree-like structure. The branch 
points involve (1—+6)-.+G)  linkages and also have the a-configuration. 
The chains have been termed A-chains, B-chains, and C-chains (Figure 
2.26), depending on their location within the molecule. It should be ap-
preciated that, in any particular glycogen preparation, the length of the 
chains of a(1—+4)-linked D-glucose residues and the precise position of the 
a(1—'6) branch points on the chains that carry branch points are subject 
to a certain amount of random variation. Furthermore, when it is con-
sidered that the number of theoretically distinguishable glycogen molecules 
(26) in a preparation of molecular weight 10 is greater than 102000 (!), we 
can appreciate that any sample of glycogen is almost certainly chemically 
polydisperse in addition to being physically polydisperse. 
44 	Constitution and (_onfiy IITQIZ(Jfl 
A 
A 
- 	A  
Figtire2.26 Diagrammatic represen-
tation of the primary s(.rucj.ure of 
glycogen. 0 = a(1-4)-linked D-ghIcose 
residues, 0 ="(I-*6)-1iiikd n-glucose 
residues, and fl = reducing n-glucose 
residue. A-chains are a( 1-6)-linked to 
R B-chains, which are designated as such 
because they carry A-chains. C-chains 
(one per molecule) are terminated by a 
reducing residue and carry B-chains 
and (less probably) A-chains. 
Some linear heteropolysaccharides exhibit a regular primary structural 
pattern along their polyscacharide chains, 27:md in their case it is permissible 
to discuss their primary structures in terms of repealing units. This regu-
larity is a feature of ninny animal and bacterial polysaccharides. For 
example. isolation of the a Mote trauronic acid, O-$-D-giucopyranosyluronic 
acid-(1-4)-O-3-D-glucopyrahosyl-(1--4)-O-a-D-giucopyranosl- (1—+4' -D-
galactose, together with some other evidence, has established (20) frag-
ment 50 as the repeating unit in Type VIII pneumococcus-specific 
COOK 	 CH20H 	 CK2OH 	 CH20H 
_____ .O111 >.OhhIO  
HO 	OH 	HO 	OH 	HO 	OH 	HO 	OH 
• 	. 	 (50) 
polysaccharide. Primary structural regularity is not always obvious. For. 
example. some linear heteropolysaccharides isolated from seaweeds have a 
masked repeating type of primary structure (30). Carrageenan, which may 
be extracted with water from certain red seaweeds, is often a mixture of 
several polvsaccharides. One component. K-carragednan, has a primary 
structure of this masked repeating type, based on an alternating sequence 
They are soineimes called regular polysaccharides. 
Since the polysaechari(le has a high positive value (laIn + 121°) for its specific rota-
tion, the 0 - 4t-glvcosidic linkages between the D-galactose and n-glucuronic acid 
residues have been tentatively assigned (29) the a-configuration (Section 4.7). 
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—A— B—A—B—A—B—A — E —A —B— 
CH2OH 
0 
where A is - 	 603SO 	 0 -- -  
OH 
/ 
- 	/ 	(51) 
and B may be one of the following - 
4D
___0 p •.•0--_ 
. 	81/. 	 WI. HOSOF 
(52a) 	 (52b) 
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03SOCH2 	c 	 03S0CH2 
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- 
HO 	OH 	1I. 	 1/. HO 	0503 
(52c). 	 (52d) 
Figure 2.27 The primary structure of i-camgeenan. 
(Figure 2.27) of 3-0-substituted 0_4-sulfato-$-D-galactopyranose residues 
(51) and 4-0-substituted a-n-galactopyranosc residues, which are present 
-as the 3,6-anhydride (S1%; 52a), the 3,6-anhydride-2-sulfate ( 14%; 52b), 
the 6-sulfate (40/6; 52c), and the 2,6-disulfate (1%; 52d). The carrageenans 
have interesting conformational properties, but a discussion of these is 
reserved for Section 3.6 of the next chapter. 
H 
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Conformation 
3.1 Introduction and Theoretical Considerations 
For most molecules, including carbohydrate ones, a knowledge of con-
formation as well as constitution and configuration is required to define 
their shape, and hence their structure. In conformational anilysis, con-
sideration is usually limited to the conformations which correspond to 
either energy minima or energy maxima (cf. Section 1.1 and ref. 1). These 
two types of conformations correspond, respectively, to the stable con-
formers defined in Section 1.1 and to the transition states between stable 
conformers. \l,Tl,ercas  the positions of conformational equilibria are deter-
'mined by the relative magnitudes of the energy minima associated with 
• conformers along the conformation coordinate, interconversion rates 
between conformers are controlled by the energy differences between the 
ground states occupied by the conformers and the transition states between 
the different conformers. 
3.1.1 Conformational Equilibria - 
In any equilibrium between two states,' the equilibrium constant K is 
related to the standard free energy difference G° between the two states 
by the expression 
O°= —RT1nK 	 (1) 
where R is the universal gas constant and T is the absolute temperature .2 
The standard free energy difference is a complex quantity which is related 
1 The states may, of course, be comprised of different chemical entities, of constitutional 
isomers, or of configurational isomers, as well as of conformers. 
'For example, at 25°, equilibrium constants K of 2, 5, 10, and 100 correspond, respec-
tively, to —G° values of 0.41, 0.95, 1.4, and 2.7 kcal mole'. 
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to the staiidartl eithalin (hfTerence //0 and the standard entropy dif-
ference S° according to the relationship 
AGO =AHO - T ASO 	 (2) 
Combining equations 1 and 2 gives 
	
In K = —II°/RT + ASOIR 	 (3) 
SO that, if the equilibrium constant is determined at a series of dithreiit 
temperatures and In K is plotted against 1/7', a straight-line graph is 
obtained. The value of \II° is calculated from the slope of this line, which 
is equal to II°/R, and the value of ASO is then deduced most conveniently 
from equation 2. 
It is possible (cf. ref.. 2), in principle at least, to calculate the structure 
and. the energy of a given molecule by a quantum-mechanical approach 
through solution of the appropriate Schurodinger equation. However, in 
practice the complexities of the problem are enormous; and although 
considerable progress has been achieved (3) in recent years, calculations 
based on classical mechanical principles must still he employed with rela-
tively large molecules such as monosaccharides. In this approach the rela-
tive intramolecular potential energies or so-called Vzolecular strain energies  
of different conformers are compared. The total molecular strain energy 
E is given by the expression 
ETEd+E+E+Er+E 	 (4) 
where E, is the sum of the strain associated with bond deformation, Ee 
is the SUm vl the bond-angle-bending strain, E 1 is the sum of the torsional 
strain about single bonds, Er is the sum of the nonbondod interactions, and 
E, is the sum of :unv electronic interactions, which are usually found to be 
solvent dependent. A number of assumptions are involved in equating the 
potential energy difference a E with H°; these include: 
Other potential energy terms are the same for each conformer. 
Zero-point energies are the same for each conformer. 
1)1 7 terms (where p = pressure and V = volume) are the same for 
each conformer. 
The most important entropy differences between two states which may 
be estimated quantitatively arise because of the following factors: 
1. A state containing a conformer with a symmetry number a- higher than 
unity will have its relative entropy reduced by R In a- . This will increase 
its relative free energy by RT In a- . 
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2. A state containing a conformer which exists in admixture with another 
distinguishable conformer will have its relative entropy increased accord-
ing to the general theory of the entropy of mixing by R(N 1 in Ni + 
N 2 in N 2), where N 1 and N 2  are the mole fractions of the two conformers. 
This will decrease the relative free energy of the state by RT(N 1 In N 1 + 
N 2 in N 2); for example, for a dl-modification the reduction in relative free 
energy will amount to RT in 2. 
It should be noted from equation 2 that the relative influence of entropy 
factors on the free energy becomes more pronounced as the temperature is 
increased. Other entropy differences occur between states, and certain 
ones of them may be estimated qualitatively as follows: 
A state associated with the more flexible of two conformers will have 
a higher entropy. 
A state associated with the more solvated of two conformers will have 
a higher entropy. 
When a conformer is involved in either, intermolecular or intramolecu-
lar hydrogen bonding, the entropy of the state will be reduced. 
It is usually assumed that differences in entropy from sources (e.g., transla- 
tional, electronic, vibrational, and torsional) are small enough to be ignored. 
3.1.2 Conformational Interconversion 
The rate constant k for conformational interconversion is determined 
by the magnitude of the free energy difference AGI between the conformer 
and the transition-state conformation according to the Eyring equation: 
k = (KkBT/h) exp (—i&/RT) 	 (5) 
where ,c is the transmission coefficient (usually taken as unity), kB is 
Boltzmann's constant, and h is Planck's constant. The free energy of 
activation AGI is related to the enthalpy of activation II and the entropy 
of activation by the expression 
AGt =AHT - ThS 	 (6) 
Experimentally, with a knowledge of the rate constant, one can calculate 
tG for each temperature from equation 5 and plot equation 6 to obtain 
values for AHJ and 
Semiempirihal estimates of Allt and ASI may be obtained by classical 
mechanical approaches in the same manner as described previously for 
H° and &S°. 
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3.2 Pyronoid Rings 
3.2. 1 Introduction and Nomenclature 
An appreciation of the Coll formational behavior of pyranoid rings is 
best sought tlirouglian understanding of the conformatjonal properties of 
cycloliexane and its derivatives. It is well known (1, 4) that the  chair conformer 
	
	 rigid or -- st1i D , ,,symmetry is the most stable conformation of 
cyclohexane The chair conformer of a cyclohexane ring with idealized 
tetrahedral geometry is shown in Figure 3.1. The bonds which are parallel 
Figure 3.1 The chair conformer of a cyclohexar ie ring 
with idealized tetrahedral geometry. 
to the C3 axis are termed axial (a), and those which, on projection toward 
this axis, describe tetrahedral angles with it are termed equatorial (a). 
However, the cyclohexane ring does not have tetrahedral geometry (5-10),-
and the endocvcljc C—C—C angle has been found to be 111.5° by electron 
diffraction measurement s  (5). This endocycljc C—C—C angle 0 is related (10) to the torsional C—C—C angle 95 shown in Figure 3.2 by the rela-tionship 
cos 	—cos 01(1 + cos 0) 	 (7) 
When 0 is 111.5°, is calculated (10) to be 54.5° from this expression. Thus, 
the torsional angle between adjacent axial and equatorial bonds is also 
54.5°. Since the H—C—H angles in cyclohexanc are smaller than tetrahe-
dral, a value for the projected H—C—H angle w of 118°, rather than 120°, 
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Figure 3.2 A Newman projection of the chair conformer of cyclohexane, showing the 
fattening of the ring. The angle 8 is the endocydlic C—C—C angle, that is 111.5°. 
has been used (cf. ref. 9) to calculate the torsional angle between adjacent 
equatorial bonds as 63.5° in Figure 3.2. As a consequence of these geo- 
metrical factors, the cyclohexanc ring is somewhat flattened, with axial 
bonds directed away from the principal C3 axis by almost 
40• These calcu- 
lations are supported by the results (9) of 1H nuclear magnetic resonance 
spectroscopic investigations,' as well as X-ray studies (10) on eyclohexane 
derivatives. 
Axial and equatorial bonds are readily interchangeable by the degenerate 
interconversion shown in Figure 3.3. Such an interconversion involves 
passage through an infinite numbr of conformations, all of which are of 
higher energy than the chair conformer. Interconversion via a planar 
transition state may be discounted since it would involve (4a) an energy 
S Analysis of the AA'BB' system obtained at low temperatures for the deuterated 
cyclohexane (LL) indicated (9) values for /.. and J.. of 2.90 and 3.65 Hz, respectively. 
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Figure 3.3 The degenerate interconversion of the chair conformer of cyclohexane, 
showing that axial (a) and equatorial (a) bonds are interchangeable. 
barrier of about 30 kcal mole -1 , which is approxihatcly three times that 
observed experimentally (11). 
One of the possible routes to interconversion (Figure 3.4a) maintains a 
plane and converts the chair conformer into a boat conformation (point 
group, C2.) via a transition state 4 (point group, C) which has five coplanar 
carbon atoms. The other possible route (Figure 3.4b) maintains a C2 axis 
of symmetry and converts the chair conformer into the twist-boat con-
former (point group, D 2) via a half-chair (point group, C) transition state 4 
which has four contiguous coplanar carbon atoms. Semiempirical strain 
I Recent. serniempirical calculations by Hendrickson (12) suggest that the actual transi-
tion states do not correspond exactly to the conformations drawn in Figure 3.4, but 
occur slightly toward the boat form in the first instance (Figure 3.4a) and slightly 
toward the twist-boat form in the second instance (Figure 3.4b). 
( 
- 
Cs Transition state 	 . 	 Boat 
£ 
t 
C2 Transition stato 	
Twist boat 
Figure 3.4 Interconversion of cyclohexane (a) via a C. transition state, and (b) via a 
C1, transition state. - 
Pyranoid Rings 	53 
energy calculations indicate (12) that the latter route offers a slightly lower 
barrier to interconversion. Moreover, there is some experimental support 
(13) in favor of half-chair transition states. The twist-boat conformers are 
flexible forms and may be interconverted via boat conformations by a 
process known as pscudorolation (4), which involves a simultaneous and 
continuous change of torsional angles such that each ring atom subse-
quently takes up each of the possible ring positions. Although the twist-boat 
conformer is 5.5 kenl mole-1 less stable than the chair, it is the minimum 
energy conformation on • the pseudorotational itinerary which inter-
converts enan tiomcric twist-boat conformers via boat transition-state 
conformations at 6.4 kcal mole —' above the chair conformers. All the 
features of ring inversion and pseudorotation which are manifest in the 
degenerate interconversion of the chair conformers of cyclohexane are sum-
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Figure 3.5 The energy profile for the degenerate interconversion of the chair conformers 
of cyclohexane. 
Substituent positions on conformations other than the chair conformer 
may also be designated as axial or equatorial, except for those associated 
with a carbon atom lying on a C2 axis, where they are termed isoclinal (iso) 
c4b, 14). The natures of the bond positions on the twist-boat, boat, and 
half-chair (e.g., cyclohexene) conformations are shown in Figure 3.6. 
Bulky substituents tend to assume equatorial or isoclinal rather than axial 
positions. 
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Figure 3.6 Substituer.t positions on the twist-boat, boat, and half-chair conformations: 
iso = isoclinal; a = axial; e = equatorial; a' = quasi-axial; e' = quasi equatorial. 
On account of the lower symmetry of the pyranoid ring, its conforma-
tional properties are more intricate than those of cyclohexane. In fact, 
when the ring carries the familiar arrangement of substituents associated 
with pyranoid derivatives, the chair conformers are invariably asymmetric. 
Therefore, in theory at least, two chair conformers are possible for all 
monocyclic pyranoid derivatives. More often than not, however, and cer-
tainly with most naturally occurring pvrunoid derivatives, one chair con-
former is much mere stable than the other. Available data (15, 16) from 
X-ray crystallographic studies on pyranoid derivatives indicate that C-O 
bonds (1.42 A) are about 10% shorter than C-C bonds (1.54 A) and that 
endocyclicC—O—C angles (ca. 112-114°) are usually larger than tetrahe-
dral. Consequently, just as with the cyclohexaiie ring, considerable flatten-
ing of the pyraiioid ring must occur (5, 10), and there is evidence (17) 
from the results of 1H nuclear magnetic resonance spectroscopy of some 
pyranoid derivatives that this is indeed the case. 
Over the years, a number of different conventions for the representation 
of pyranoid ring conformations have been proposed (is) since Reeves (19) 
first enunciated his conformational nomenclature. The convention (cf. 
ref. 20) employed here is based on the following set of rules: 
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Conformations are designated C for chair, B for boat, S for twist-boat, 
and H for half-chair. 
The pyranuid ring is numbered as described in Section 2.7, and, in 
addition, the ring oxygen is numbered 0 (zero). 
A reference plane is chosen so that it contains four of the ring atoms. 
When an unequivocal choice is. impossible, as with the chair and twist-
boat conformers, the reference plane is chosen so that the lowest-num-
bered carbon, atom in the ring is displaced from this plane. 
Ring atoms which lie above the reference plane (numbering clockwise 
from above) are written as superscripts and precede the letter, while ring 
atoms which lie below the reference plane are written as subscripts and 
follow the letter. 
Thus, as shown in Figure 3.7, the reference planes for the two possible 
chair conformers of the pyranoid ring are chosen so that they contain 
4 '1 	 1 0 
Figure 3.7 The IC, and IC4 conformers of the pyranoid ring. The reference planes are 
indicated by dots. 
0, C2, C, and C5. When C 1 is below the reference plane, the chair con-
former is designated as 4C 1 ; when it is above the reference plane, as 1 C 4 . 
These descriptors correspond, respectively, to the conformational descrip-
tors Cl and 1C introduced by Reeves (19) for chair conformers. Although 
the Reeves convention continues to merit popular support, the descriptors. 
4C1 and 1C 4 , as defined by the set of rules given above, will be employed 
throughout this book. A consequence of the present convention—and of 
the Reeves convention as well, for that matter—is that enantiomeric 
conformers have different descriptors, that is, the 'Cl (D) conformer is the 
enantiomer of the 'C 4 (L) conformer. For this reason conformational des-
criptors should always be used in reference to either the D- or the L-series. 
For example, a statement to the effect that methyl a-glucopyranoside exists as the 
'C1 conformer would be ambiguous. 
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Figure 3.8 (a) The 4r1 and 'C4 conformers of methyl a-D-ribopyraaoside (1), and 
(b) the 'C4 and IC, co iormers of methyl a-L-ribopyranoide (2). 
This point is illustrated in Figure 3.8 for methyl a-D-ribopyranosidc (1) 
and methyl a-L-ribopyranoside (2). 
By analogy with the couformational behavior of the cyclohexane ring, 
it should be possible for both the 4 C, and 'C 4 conformers to be converted 
• into twist-boat conformers via transition states which probably correspond 
more or less to half-chair conformations. Six different twist-boat conformers, 
separated by six different boat conformations, may be identified on the 
• boat/twist-boat pseudorotational itinerary of the l)YrtIIoid  ring; these are 
shown in Figure :3.9. However, as in the case of the cyclohexfne ring, 
twist-boat conformers are usually found to be much less stable than the 
4C1 and 'C conformers. Hence any contributions to conformational equilib-
ria from twist-boat conformers will be small; and, apart from providing a 
plethora of routes for the interconversion between the 4C, and 'C4 con-
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Figure 3.9 The boat/twist-boat pseudorotational itinerary of the pyranoid ring. The 
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Figure 3.10 The map of pyranoid ring interconversioas. 
N 
map of pyranoid ring interconversions shown in Figure 3.10 summarizes 
all the possible interconversion routes that have been discussed. 
3.2.2 Steric and Electronic Interactions 
In order to predict the conformational properties of a pyranoid deriva-
tive, a knowledge of the relative free energies of the two chair conformers is 
required. So far, it h3.s not been possible to obtain accurate free energies, 
and hence semiquantitative approaches, such as the one developed by An- 
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gyal and his associates (21-23) in recent years, have, of necessity, been 
used. In this approach, estimates of the relative free energies are obtained 
by taking both steric and electronic factors into consideration. 6 Detailed 
information regarding noiibonded interactions has been obtained from 
studies on the conformational properties of the cyclitols (of which the 
inositols mentioned in Section 2.2 are examples) and of some model pyranose 
sugars. The results of these investigations will be discussed shortly. At a 
later stage, the implications of the presence of an oxygen atom in the 
pyranoid ring, with all the associated effects, both steric and electronic, 
which it introduces, will be considered. 
As an introduction to the serniquantitative treatment, two qualitative 
observations on the conformational properties of the aldohexopyranoses 
may be made. First, an axial hydroxyl group, and particularly an axial 
hydroxymethyl group, will • have considerable destabilizing effects (cf. ref. 
19). As a result, most of the -D-aldohexopyranoses, which would have an 
axial hydroxymethyl group in the. '4  conformer, exist predominantly as 
the 4C1 conformer (Figure 3.11a). Second, the presence of two axial groups 
6 I another approach, the relative potential energies of the sixteen aldohexopyranoses 
and eight aldopentopyranoses arising from riortbondcd interactions were calculated (24) 
using Kitaigorodsky-type functions (25). However, no account was taken ofeiectronic 
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Figure 3.11 (a) The 1C, and IC 4 conformers of the a-D-aldohexpyranoseS, and (b) the 
'Ct and 'C4  conformers of the -D-aldohexopyranoses. The hydroxyl groups on C 2, C3, 
and C4  have been omitted for the sake of clarity and generalization. 
IJ'2 	(,'ii ,,fri,i alu,n 
oil the same side of the lwnumse ring 7 \%- ill have all even grtater dstabihz-
ing eftoct. 8 'Ililis, all the _I)-al(h) c'xopynnoses exist. predomiiiari!y a.s the 
'C l conformer, since the. 164 conformer would involve the bulky iiydroxy-
methyl groUj) in syn-axial relationship with the anomeric hydroxyl group 
• (Figure 3.1 Tb). Since the llvdroxyinethlyl group is absent in the ketohexo-
pyranoses and aldopentopyrztnoses, some of them might be expected to 
provide examples of conformational instability and to exist as equilibrium 
• 	 mixtures of 4C, and 'C 4  conformers in solution. This is indeed the case. 
The semiquatititative approach to calculating the relative free energies of 
cvciitols and pyrailoses in aqueous solution is based on a number of as-
sumptions, of which three are important: . . 
The pyranose ring is assumed to have the same geometry as the cyclo-
hexane ring. The flattening of both rings has already been discussed. The 
main difference between the two rings is probably caused by the shorter 
0-0 bonds in the py ranose ring. 
Ititrumohecular hydrogen bonding is unlikely to be important in in-
fluencing conformational equilibria in aqueous solutions and may be 
ignored in the calculations. There is some evidence (27-30) to indicate that, 
although intramolecular hydrogen bonding may influence conformational 
equilibria in chloroform or carbon tetrachloride solutions, in aqueous 
sohitions intermolecular hydrogen bonding with water is much more 
important than intramolecular hydrogen bonding. 
The relative free energies of conformers nmy be obtained by summing 
the energies associated with nonbonded interactions between ligunds (Er) 
and making allowances for electronic interactions (E,) and entropy dif-
ferences. Conidcring each interaction separately in this manner is tanta-
mount to assuming that the magnitude of one interaction is not influenced 
by the others. 
None of these assumptions is strictly valid, but the success of the 
method indicates that the errors they introduce must be relatively small. 
Contributions from differences in bond deformation strain (Es), bond-
angle-bending strain (E9), and torsional strain (Es) are considered to be 
negligible, and only two types of tioubonded interactions are taken into 
account 
1. Nonbonded 1,3-diaxial interactions between syn-axial ligands other 
than those between two hydrogen atoms. This interaction is designated as 
(X,,:Y a). 
The interaction that result., is sometimes called (la) a 1,3-dia'cial or syn-axial inter-
action. 
'The importance of this interaction in pyranese sugars was first recognized by Hassel 
and Ottar (26) aod bas been referred to as the Hassel-O liar effect. 
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2. Nonbonded 1,2-interactions between ligauds gauche to each other on 
adjacent carbon atoms apart from those involving hydrogeti atom. Axial-
equatorial and equatorial-equatorial interactions are a.ssumed to be 
equivalent. This interaction is designated as (X,: Y 2). 
Values for all the possible interactions of these types which could conceiv-
ably occur in cyclitols and pyruioses have been obtained (22, 23) from 
studies on equilibria of cyclitols with their borate complexes and from 
studies on the anomeric equilibria of pyranoses.° 
When cyclitols with 1,3,5-syn hydroxyl groups are added to a borate 
solution, a 1: 1 tridentate complex is formed (31) as shown in Figure 3.12 
and the p11 of the aqueous solution dccrea.ses. From the changes in pH with 
stepwise addition of cyclitol, equilibrium constants K may be determined 
from the relationship 
K = 
[complex] 
[boratcl X [cyclitol. 
(8) 
Thus, the experimentally observed free energy difference may be obtained 
from equation 1 in Section 3.1.1. The nonbonded interactions for both the 
• cyclitol and its complex are then listed separately and summed. In addition, 
it termG? is added to the expression for the complex to ccount for its 
free energy of formation, which is assumed to be the same for all the Var-
ious cyclitols. In each case, the expression for the difference ;,it relative free 
energy between the cyclitol and its complex is equated with the experi-
mentally observed free energy difference AT. A set of simultaneous equa-
tions results, which may be solved to yield values of 0.35, 0.43, and 1.9 
kcal mole -1 (a022°) for (01:02), (Oa:Ha), and (Oa:Oa), respectively.' 0 
Although the value for (0:I1) agrees well with the other values" in the 
The a- and -:tnomers of pyranoses equilibrate spontaneously in aqueous solution 
(cf. Section 2.7), and hence it becomes feasible experimentally to obtain their relative 
free energies. 
10 From Figure 3.12 we see that K = 5 for complex formation of scy1!o-queritol. This 
corresponds to a G° value of —0.95 kcal mole - '. The sum of the nonboudcd interactions 
• in scyllo-qnercitol is 4(0 1 : 0.), and the sum of the nonbonded interactions in the complex 
is 2(00:11.) + (O:O). Ilemenibering to add on a term G for the free energy of 
formation to the expression for the complex, we have G° = 2(0a:11) + (O:O) + 
- 4(0:0,) = —0.95 kcal mole. In analogous fashion, another five equations 
may be obtained fort lie other five cyclitols in Figure 3.12, and the set of six simultaneous 
equations may be solved for (O,:O), (O:l[), (O:O), and G. (The value found for 
is —2 5 ken! mole'.) 
11 The magnitude of (O:I -1) is markedly dependent on the nature of the solvent-
aprotic or protic. The value of 0.45 kenl mole',' which has been obtained in aqueous 
solution, agrees well with the values (32, 33) obtained in other protic solvents. 
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Figure 3.12 Tridentate borate complex formation of .ccyllo-, epi-, and cis-querdtol 























(5) 	 (6) 
Figure 3.13 'The equilibria between the a- (3) and - (4) anomers of x,-allopyranose andl 
between the a- (6) and - (6) anomers of 6_deoxy4_0_methy1D.alloPYTanOSe. 
literature (32, 33) for this interaction,' 2 and also gives good results for 
pyranoses, the value for (O.a:Oa) seems to be too high when applied to 
these compounds. This would seem to suggest that the flattening of the 
pyranose ring (and hence the splaying apart of syn-axial substituents) 
occurs with greater ease than it does with the cyclohexane ring. 
Avalue for (Oa:Oa) on the pyranose ring has been obtained from studies 
(22, 34) of the equilibria in aqueous solution at 250 between the - and 
a-anomcrs of D-allOpyraflOSe (3 and 4 in Figure 3.13) and between the a-
U To a first approximation, it may be a ssumed that (0.: H,) corresponds to one-half the 
confornzaUonal free energy ( — Gu) of a hydroxyl group. The conformational free 
energy of a group X on a cyclohexane ring is the negative of the standard free energy 
change (—G) for the equilibrium: 
(?w( formstl lou 
and $-altonwrs of (i-deoxy-4-O-nietl,yl-D- lopyranoe (5 and 6 in Figure 
3.13). The only interactions that are not common to each pair of anomers 
are an (0,,:0,,) interaction in both a-anomers (3 and 5) and an electronic 
interaction—which wiil be discussed shortly—of 0.33 kcal mole' in both 
j-anomers (4 and 6). If the difference between these interactions, 0.35-
(Oa:0a) kcal mole', is equated with an average value for of —0.95 
kcal mole-', a value of 1.5 kcal mole' may be derived for (0.:0.). 
Since the conformational free energy of a Itydroxymethyl group in 
protic solvents is probably iiot much different from that of a methyl group, 13 
nonbouded interactions involving a hydroxymet.hiyl group have been 
ztssUme(l (22) to be of the same order as those involving a methyl group. 14 
Thus the value for (C a : H ) is assumed to be one-half time conformational 
free energy of a methyl group [—Gn 3 1.8 kcal mole' (39)] or 0.9 
kcal mole- '. A value of 2.5 kcal mote - ' for (Ca:Oo) was derived (37), as 
shown in Figire 3.14, from a study of the equilibrium in aqueous solution 
at. 40° between the a- (7) and 0- (8) anomers of 6-deoxy-5-C-metliyl-o-
xylohexopyraitose. Finally, a value of 0.45 kcal mole -' was assigned to 
(C,: 0) as the factor" which gave the best agreement with the experimental 
data obtained for aldolmexopyranoses and aldopentopyanoses (22, 23). 
There remains time task of trying to assess the importance, of the steric 
•  interaction b'tween an axial hydroxyl group on C or C and the syn-axial 
lone pair on time ring oxygen atom, assutnilig that the nonboudiug electrons 
on the oxygen atom may be pictured as being sp3 hybridized. From the 
7 	 13 Published values for - 	range from 1.4 ± 0.25 kcal mole' in carbon disulfide 
at room temperature (35) to 2.06 kcal mole - ' in ispropyl alcohol at S0 (36). 
" It has been suggested (22, 37) that this would be 'the case if the hydroxyl group is 
itmrited away" from the 8yn-axial hydrogen atoms vliex, the hydroxymet hyl group is 
-axial. If the rotation of an axial hydroxymethyl grotp is restricted in this manner, the 
entropy of mixing will be less for the axial than for the equatorial isomer, and the latter 
will he favored in regard to entropy (rj..ref. 3S). If free rotation of an equatorial hydroxy-
methyl group is asun,ed, there are three equally populated rotational conformers, and 
the ell- ropy of mixing is close t ft In :t or 2.2 cal (leg' mole - '. In the axial isomer, if the 
"011-inside" conformer is stericallv disfavored, only two "011-outside" conformers will 
be populated to any extent. Thus, the entropy of mixing of the axial isomer will be 1? in 
2 or 1.4 cal (leg' inolc'. Therefore, the equatorial isomer will be favored in respect. to 
entropy (cf. ref. 33e) by U.S (al deg' mole -'. At room temperature, this would correspond 
to an increase of 0.24 kcal mole - ' in the conformatmual free energy of a hydroxyniethyl 
group compared with that. of a methyl group. This factor may be taken, account of 
fortuitously in that the value of 1.80 keal mole' for - 	and hence for - G?H 2 oli, 
used by Angyal (22) is larger than the presently accepted value of 1.70 kcal mole' (32). 
Although values of 0.18, 0.66, and 0.83 kcal mole' have been obtained (40) for  
(C11:0..".), and (C,a: O,), respectively, the ,totLrigorous nature of the present 
methods do not merit (22) employing three different values for (C,:02). 
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(Ca: Oa)  +(OaHa) 
	
(CaHa)+(0: OH) 
.°. tG ° (CaHa) + (O:OH) - (Ca:Oa) - (Oa:Ha) 
= 0.9 	+ 0.55 - (Ca: Oa) - 0.45 
(Ca Oa) = 2.5 kcal mote l 
Figure 3.14 The determination of the value for (C.:O,) from the equilibrium between 
the a- (7) and - (8) anomers of 6-deoxy-5C-methyl-D-cylopyranose. 
equilibrium (Figure 3.15) established in the enzyme-catalyzed epimeriza-
tion at C 4 interconverting a-n-gucose--posphate and a-D-galactose-1- 
phosphate  (41), the free energy difference may be estimated to lie some-
where between 0.6 and 0.S kcal mole - '. Since a-D-galactose-1-phosphate has 
an additional nonbonded interaction amounting to 0.45 kcal mole -1 for 
(Oa:Ha), this would suggest a small but significant steric interaction in- 
Bacterial extracts containing 




uOPG + O'.-..\ 	
- JII\ 	+ 	UDPG1 
OH 
0 
0P03H 	 0e03H 
21-27°h 	 73-79•/. 
-O-GaIactase-t-phosphate 	 a-O-Gtucos.-t-phosphate 
Figure 3.15 The enzyme-catalyzed equilibration of a.n-galactose-1-phosphate and 
a-D-glucose4-phosphate: UDPG = uridine diphosphat.e glucose; UDPGo.1 = uridine 
diphosphate galactose. 









Figure 3.16 The conformational equilibrium of 3_acetoxytetrahYdr0PY. Note that 
the numbering of the tetrabydropyran ring differs from that of the pyranoid ring. 
volving the. axial lone pair. On the other hand, the conformation, 
prefer- 
ence for the acetoxy group in 3_ acetoxYtetrt1l di-OpYran 
(9 in Figure 3.16) 
lies (42) in the region —0.27 to ±0.17 kcal mole', depending on the nature 
of the solvent, and is much smaller than the estimated value. of 0.5 lcal 
mole_t for its steric preference. In fact it would 
appear that an electronic 
effect is operative (42) and that it favorsthe axip.I orientation of the acetoxY 
group in some solvents, including water. ConfiguratiOflal equilibria in 
5-0-substituted 2i sopropYl_1,3_th0tt 5 
 have also been found (43-45) to 
be strongly solvent dependent, and the cis 
isomers with 5_5ubstitUeflt5 axial 
predominate in some instances. Figure 3.17 shows that a 5-methoxyl group 
lacks any significant configurational preference in methanol, whereas a 
5-hydroxyl group actually prefers the axial orientation and exists pre-







RCI13, t.G28 = —0.03 kcal moli4  (methanoL) 
R"H. 	LG 0 	+0.51 kcal 
moi l;' (isopropyt alcohoL) 
Figure 3.17 The configurational equilibria in 5-methoxy- and 5_hydroxY_24SOPr0PY 
1,3-dioxanes. 	 - 
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These results may be compared (43-45) with the preferred gauche 
arrangements of the O—CH 2—C11 2-0 units in 1,2-dimethoxyethane (46) 
and polyoxycthylene (47). For the present purpose, it would appear that 
any syn-axial interaction on a pyranosc ring between a hydroxyl group on 
C 2 or C 4 and the lone pair on the ring oxygen atom is small enough in water, 
either by its intrinsic nature or as a result of an electronic interaction 
compensating for a steric effect, to be ignored in semiquantitative calcu-
lations (cf. ref. 22). 
The magnitudes of the various steric interactions derived for substituents 
on cyclitols and pyranoses are summarized in Table 3.1. The values in this 
Table 3.1 The Nonbonded Interaction Energies between Substit-
uents on Cyclitol and Pyranose Rings in Aqueous Solution at 
or 25°. 
Energy, 
Interaction 	 kcal mole-' 
(C 0 :0) 2.5a 
(0:0) 1.5 
(C0:H) 0.9 
00:H) - 	 0.45 
(C,:0) 0.45 
(01:02) 0.35 
Determined at 400 
table, along with suitable corrections to account for entropy differences, 
have been used to estimate (cf. ref. 21) the relative free energies of the 
more stable chair conformers of the inositols shown in Figure 2.1 in Section 
2.2. These values, which are relative to cyclohexanc, are recorded in Table 
3.2. Three of the inositols, allo-, muco-, and cis-, have three axial and three 
equatorial hydroxyl groups and so undergo ring inversion between two 
equally populated chair conformers. In the case of allo-inositol, ring in-
version interconverts en:uitiomcrs, whereas with muco- and cis-inoitols 
the interconversion is degenerate. The relative free energies listed in Table 
3.2 have been found in some instances to be in good agreement with those 
obtained (21, 4S) on reversible acid-catalyzed epimerization of inositols. 
In summing up all the interactions in the chair conformers of pyranoid 
sugars, electronic, as well as steric, interactions have to be taken into con-
sideration. Although it is becoming evident that several electronic inter- 
----- 	 - - 
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Table 3.2 The Conforinational Free Energies (kcal mole-1 ) 
of the Stable Chair Conformers of the Inositols 
Interaction Energy, kcal mole -1  
Relative 
RTIn2 	Free 
• 	 Inositol 	(0! : 02) 	(0 4 :H 4 ) 	 (0.: 0.) 	RT in o• for dl-Pair Energy 
• 	 nlLIo- 	 2.10 	0.9 	... 	 ... 	 ... 	 3.0 
sq110- 2.10 . . . . . . 1.1 . . . 3.2 
• 	 DL-ChttO- 	1.75 	1.8 	... 	0.4 	-0.4 	3.55 • D-chiro- or 
• 	 L-Chiro- 	1.75 	1.8 	... 	0.4 	... 	3.95 
neo- 	 2.10 1.8 ... 0.4 ... 4.3 
epi- 2;l0 	0.9 	1.5 	... 	 ... 	 4.5 
allo- 	 1.75 1.8 1.5 ... -0.4 4.65 
niuco- 1.4 	1.8 	1.5 	.. . 	 .. . 	 4.7 
Cis- 	 2.10 ... 4.5 0.65 ... 7.25 
Relative to the chair conformer of cvciohexane. 
actiQus niav be involved in pyranoid sugars, the most important one seems 
• to involve the interaction between an electronegative subst.itueut on the 
anonieric carbon atom and the ring oxygen atom. As a result of this dcc-
tronic interztctio,i. which is often discussed in terms of a classical nwchanj-
cal type of electrostatic interaction. electronegative substituents on the 
anonwric carbon atom prefer to assume axial rather than equatorial orienta-
tions. As shown in l'igure 3.IS, the orientation (a) in which the polar bond 
is staggered between the lone pairs is destabilized with respect to the 
orientation (b) in which the polar bond is gauche to one lone pair and trans 
to the other. This apparently anomohous situation was first discussed by 
Edward (49) in terms of repulsive electrostatic interactions between the 
carbon-substituent dipole and the resultant dipole of the lone pair orbitals 
on the ring oxvgett atom' and has been termed the anorneric CjTcct by 
Lemieux (.50). 
The Pifrreuce of a polar aglvcone group X for the axial orientation on 
the pyranoid ring niav be exl)ressed (51, 52) quantitatively as the difference 
between the Coll formational free energy (- G)0 for the equilibrium shown 
in Figure 3.19a and the conformatiointl free energy (-_G) for the cor-
responding e(1uihibrium, involving an analogously substituted cyclohexane, 
16 \Vh,e,, the sub.iitue,,, X is equatorial (a, the dipoles are aligned and so experience a 









(a) 	 (b) 
Figure 3.18 The relative alignments of the dipoles for equatorial (a) and axial (b) 









- 	 (O:X)  
.. (0: X) = 	- 
Figure 3.19 The quantitative definition of the anomeric effect (0: X) of a polar aglycone 
group X on a pyranoid ring. 
• 	 69 
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shown in Figure 3. lOb; that is, the anomeric effect, which will be designated 
as (O:X), equals (—G).— (G) or (.G) 0 - ( G). This definition 
assumes that the geometry of the pyranoid ring is similar to that of the 
cyclohexanc ring (cf. ref. 53), an assumption which is being made in these 
calculations. 17 
A value for (0: OH) may be obtained (22, 23) from a consideration of the 
• equilibrium composition of an aqueous solution of glucose. At equilibrium, 
such a solution contains 36% of the a-pyranose and 64 0/0 of the -pyranose 
(54), corresponding to a free energy difference of 0.33 kcal mole -' in favor 
of the -anomer (Figure 3.20a). However, from a comparison of the steric 
inteructios in each anomer, it is seen that the a-anomer has two additional 
(O:H) interactions, which means that it should be 0.9 kcal mole -' less 
stable than the $-aiiomer on this reckoning. The difference of 0.55 kcal 
mole-' between the two values corresponds to (0:011) and represents the 
electronic stabilization of the axial hydroxyl group of the a-anomer. 
Similar calculations for the D-mannopyranoses (60 0/0 a:31 0/0  fi)  (54) and 
the 2-deoxy-n-tn-abinohexopyranoses (47.5 070 a :52.5% ) (22, 23) yield 
(Figure 3.20b and c) values for (0:011) of 1.0 and 0.S5 kcal mole', respec-
tively. 
Thus, the magnitude of (0:011) estimated in this fashion depends on, 
among other factors, the nature and the configuration of the substituent 
at C 2 . In the case of $-D-rnannopyranose, the C 2-0 bond bisects the torsional 
angle between the two 01-0 bonds as show -n in Figure 3.21, and this 
gauche interaction appears to introduce some additional electronic in-
stability, which may be accounted for in the increased value for (0:011). 
This destabilization used to be considered as a separate electronic inter-
action known as the A 2 effect (19), but it is now regarded as simpler to 
increase the value of (0:011) when Cl carries an axial hydroxyl group. 
By the same token, when the hydroxyl group on C 2 is equatorial, the value 
for (0:011) may be considered to be decreased relative to that for 2-
deoxy-D-arabinohcxopyranose, which has no hydroxyl group on C z. Thus, 
whereas an axial hydroxyl group on C 2 increases the (0:011) interaction, 
an equatorial one decreases it. When there are axial hydroxyl groups on 
both Cl and C, they are considered (22) to cancel out each other's effect, 
and a value of 0.85 kcal mole -' is used for (0:011). 
17 In fact, their geometries are not equivalent, and consequently the value of (O:X). 
does not correspond (52) exactly to the electronic stabilization of the axial substituent X. 
Since the steric interaction of an axial group X is likely to be larger on a pyranoid ring 
than that of the same axial group X on a cyclohexane ring, the value for (O:X) under-
estimates the true magnitude of the electronic interaction. However, any errors intro-. 
ducod seem to be small enough to be ignored in the present calculations. 
= 0.45 kcal mob;" HO 	CH20H 00 
HO 
OH 
((7:02) 	+ (0:0W 
0.35 -I- 	(0:011) 
1.00 kcat mole 
311. 
(01 :02 1  + (0:011) 
2(Oa:Ha ) 
- 	0.9 
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—0.35 	= 
MOH) = 







= —0.35 kcal motc 
(O:OH) 	- 	2(0a:Ha) 
(0:011) -0-9 






HO tCHOH HO 	CH.,0H a 
lei 	
0 	
= 0.05kcaL mot;' 





AG* 	= 	(0:011) 	2(0aHa) 
0.05 = (0:011) 0.9 
(O:OH) 	0.85 kcal mote 
Figure 3.20 The calculated values for the anomeric effect (O:OH) associated with 
(a) the 1-glucopyranosos, (b) the D-mannopyranoses, and (c) the 2-deoxy-o-arabino_ hexopyranoses. 
The following rules may be used to assess the magnitude of the anomeric 
effect for pyranoses in aqueous solution: 
I. When the hydroxyl groups on C, and C 2  are both equatorial, the 
conformer is destabilized by 0.55 kcal mole-'. 
2. When the hydroxyl group on C, is equatorial, and that on C 2 is axial, 









0 	 OH 
: 
p-o-I-1arnopyranose 	 C 2—C 1 
Figure 3.21 The .2 effect in -o-mannopyrnnose. 
3. When the hydroxyl group on Ci is equatorial, and those on C2 and C3 
are both axial, the conformer is destabilized by O.S5 kcal mole. 
3.2.3 The Anomeric Effect 
The magnitude of the anomeric effect is dependent on a number of fac-
tors, which include the nature of the aglycone, the nature of other sdbstit-
ucnts, and the nature of the solvent. These factors will now be discussed 
separately in some detail. 
3.2.3a The Nature of the .4glconc. As a rough guide it may be stated at 
the outset that the anomeric effect (0 :X) decreases through the series where 
X is halogen > betizoyloxy > acetoxy > acetylthio > methoxyl > 
alkylthio > hydroxyl > amino > methoxycarbonyl > 4-methyl pyri-
dinium cation. 
Acid-catalyzed equilibrations of cis- and trans-2-halo4-methyltetrahy-
dropyrans (Figure 3.22) have shown (55) that anomeric effects in favor of 
R 
ZCH- f 
R:CIBr • 1,0Ac.or 0C113 
Ylgure 3.22 The acid-catalyzed equilibrations of cis- and irans-2-halo, 2-acetoxy-, and 
2-methoxy-4-met hylt e  rahydropyra ns. 
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the axial chioro, bromo, and iodo suhst.ituents, respectively, amount to at 
least 2.65, 3.2, and 3.1 kcal mole — '. The proportion of cis- to trans-2-chloro-
4-methyltetrahydropyran is 3:97, and the only detectable conformer of 
both 2-chloro- (10) and 2-bromo- (11) tetrahydropyran is (56) that with 
the halogen axial. The anomeric effect favoring axial halogen is large 
enough to cause (57, SS) 2,3,4-tri-O-acetyl--D-xyIopyranosyj chloride (12) 





(10) X=CL 	 (12) X=C1 
(11)X=Br 	 (13) XF 
with four axial substituents and two syn-axial interactions. It is also signi-
ficant that trdns-2,3-dichlorotctrahydropyran (14) (59), as well as £rans-
2,3-dihalogeno- and trans-2,5ihalogenodioxanes (60), di thianes (61), 
and thioxanes (62), exist as the chair conformers wherein both halogens 
have axial orientations (e.g., 15-18) The situation recalls that of the 2- 
c1 	• 
(14) 	 (15) 
Or 	 • 	 Or 
Or 	 Or 
(16) 	 (17) 
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CL 	 0 
0 /S 
C1 	 X 
X = Ct, r 
	
(18) 	 (19) 
halogenocyclohexaflones (19), in which the halogen (X = Cl or Br) also 
prefers the axial orientation (.63). 
From studies on the equilibration of 2_acetoxy4_methYltetrahYclroPYrafl 
(51), shown in Figure 3.22, and the anomerization of the tetraacetates of 
the four aldopentopyranOSes (SOc), a value of 1.3 kcal mole-' has been 
obtained for (O:OAc). The anomeric effect of a benzoyioxy group is 
probably larger (64) than that of an acetoxy group, while that of an 
acetylthio group is probably smaller (65). Whereas the proportion of the 
trans isomer of 2_acetoxy_4_methyltetrahYdroPYran with an axial acetoxy 
group was 72-75%, that of the trans isomer of 2_methoxy-4-mCthyltetra 
h.ydropyran was (31) only 65% in aqueous methanol. This corresponds to 
a value of 0.9 kcal moie' for (0:OCH3) in that mixed solvent. 
The preference for an axial methoxyl group is seen also in other situations. 
In 3_methoxy4 oxa-5e C1iOle5ta1e (20) and. 3_niethoxy4_oxa-5a-CStrafle 
(21), which have been studied (60) as models for the 4C, (B) conformer of 
the pyranoid ring, the methoxyl group is, respectively, 73 0/0 and 67% in the 
axial orientation at equilibrium in methanol (Figure 3.23). The anonieric 
effect of other alkoxyl groups has also been studied. Although a decrease in 
the value, of (0: OR) in the series 2-methoxy-, 2-cthoxy-, 2-isopropoxy-, 
and 2_t_butoxy-tetrahydroPyrafls has been ascribed (67) to electrostatic 
factors because of a correlation with Taft polar constants, an alternative 
explanation in terms of an increased steric interaction outweighing the 
anomeric effect is possible (52). Alkylthio groups also show (52) a prefer -
ence for the axial orientation, but in their case the preference is not as 
marked as it is with the alkoxyl group. 
The conformational preference of the methoxycarhonyl group in 2-
methoxycarbonyl_6_t_butyltetrahYdr0PYra1, shown in Figure 3.24, has 
been found (53) to be 1.6 kcal mole', which is larger than that of a meth-
oxycarbonyl group on the cyclohexane ring, where it is only 1.27 kcal mole' 
(32). This difference has been attributed (53) to electronic stabilization of 
the equatorial methoxycarbonyl group, and compared with the effect (63) 
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Figure 3.23 Partial structures, showing the results of acid-catalyzed equilibrations of 
3_xnethoxy_4oxa_5a-ChOleStat1e (20) and 3mothoxy-4-oxa-5CSt1'a1Ie (21). 
V3 0 G: —1.6 kcat mote 
COOCH3 
Figure 3.24 The base-catalyzed equilibration of cis- and trans-2-methoxycarboflYl-6 
t-butyltctrahydropyrans. 
of the positively charged 1-pyridyl substituent in N-(tetra-0-acetyl-a-
D_glucopyranosyl)-4-mcthyl pyridinium bromide (22) in destabilizing the 
4C conformer (which would have an axially oriented quaternized nitrogen 
atom at the anomeric center) and in favoring a "boat-like" conformer 
where the pyridyl residue is equatorial. For obvious reasons, this electronic 






It is evident from the few examples which have been mentioned that the 
magnitude of the anomeric effect (O:X) is fairly closely related to the 
polarity of the C,-X bond. 
3.2.3b The Nature of 0/her Subsijluen/s. It has already been noted that 
the presence and configuration of a hydroxyl group on C 2 of the pyranose 
ring will markedly affect the value obtained for (0:011). It is also well 
known (SOc) that there are differences in the nature of the anonleric 
equilibria between the homomorphous pentose tetraacetates and hexose 
pentaacetates. For example, at equilibrium at 25°, the preference (69) for 
the a-anorncr in 1,2,3,4,6-pcnta-0-acetyl-D-1111eose (23) is S8%,  compared 
with only 78.5% in 1,2,3,4-tetra-0-acetvl-D-xylose (24). The reason for 
this behavior is not apparent. 18 





881. 	 121. 
 
The nature of the .substituent.s at other positions around the pyranoid 
ring can also have a profound effect on the magnitude of the. anomcric 
effect.. It may be seen from Table 3.3 that the equilibrium compositions of 
D-mannose and some 0-methyl derivatives change (23) in favor of the 
" See, however, iefs. 70 and 71. The observation (69) that the preference for the a-anomer 
in 1,2,3,4,6-1)entn-0-acetvl-u-galzwtose is also only 78% has led to the suggestion (70) 
that. a st eric interaction between the Irons dicquatorial subst it tients on C4 and C, of 
glucose derivatives tends to increase flattening of the pyranoid ring and reduce the 
steric interaction of the axial group on the anomeric carbon atom. Although this effect 
may operate with the Pentose tetraacetatcs and hexose peiitnacetats, it. does not 
appear to be important. in methyl glycosides, where investigations have shown (72) 
that the percentages of the -anomers in niethvl D-X3lopyranoside and methyl D-gluco-
pyranoside at equilibrium are 67% and 69%, respectively (see Table 5.4 in Section 5.3). 
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a-anomer as the degree of methylation is increased. This trend has been 
ascribed (23) to changes in the "effective dielectric constant" of the var-
iously substituted molecules altering the magnitude of (0:011). 
Table 3.3 The Equilibrium Compositions of D-MaflflOSe and 
Some 0-Methyl Derivatives 
Sugar 	 -Pyranose, % 
D-Ma1I110Sc 	 67 
2-0-Me thyl-D-mannosc 	 75 
2,3-Di-0-methyl-n-mannose 	 80 
2,3,4,6-Tctra-0-rnethyl-D-mannoSe 	86 
Evidence from 'H nuclear magnetic resonance spectroscopy and from 
optical iotation data indicates (30) that, although methyl 3-deoxy-2,4-di-







R=Ac ; 	R'Ac 
R =CH3 	R = CH3 
- 	 (25c) R = Ac 	Fe = CH3 
(25d) R=K 	R'=H 
19 In the name of this compound, the generic prefix erythro refers to the relative 6n-
figuration at C1 and C4, even though these two chiral centers are separated by a non-
chiral carbon atom, C 2. The configurational descriptor t defines the absolute configura-
tion at C 
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boo tetrachloride solution as its 4C1 conformer with syn-axial acetoxy 
groups, the corresponding 2,4-dimethyl ether (25b) adopts preferentially 
the 1 C 4  conformer with diequatorial methioxyl groups. This situation re-
calls the preference that 2,3,4-tri-O-z , --D-xylopyranosyl chloride (12) 
and fluoride (13) show (57, 5S) for existing as their 'C4 conformers with a 
syn-axial interaction between acetoxy groups. Although it is tempting 
to suggest (cf. ref. 58) that these conformers might be stabilized by an 
electrostatic attraction between the syn-axial acetoxy groups, a more 
appealing rationalization has been advanced (30) on the assumption 
that the main interaction between syn-axial oxygen atoms is couloinbic 
repulsion between the nonbonded electrons. If this is the case, it is not 
surprising that the repulsion is minimal when the oxygen atoms carry 
clectron-\Vithdrawing acetyl groups, and much stronger when the oxygen 
atoms are the electron-rich oxygen atoms of methoxyl groups. Even 
the derivative (25c) of methyl 3-deoxy-fl-L-erythro -pentopyranoside 
(25d) with 2-acetoxy and 4-methoxy substituents exists predominantly 
CH3? 	
6. 	- 
6+ 	8+ 	 6- 
6-OCH3 	 6-OCH3 
(26) 	 (27) 
in carbon tetrachloride solution as its 'C4 conformer with diequatorial 
substituents. The apparent increase observed (SS) in the anomeric effect 
(0 :F) experienced by 2,3,4-tri-O-acetyl-$-D-xylopyranosyl fluoride (13) 
when the acetyl groups are replaced by benzoyl groups probably finds in 
explanation in a similar line of argument. 
However, electrostatic interactions of an attractive nature across the 
pyranoid ring may well operate in some instances. For example, they have 
been invoked (73) to explain the fact that the value for (0: CH 3) is larger 
(1.40 kcal mole-1 ) in 2,4-diniethoxytetrahydropyran (26) than in 2-
methoxy-4-methyltetrah3 -drop3-ran (27). The partial positive charge on 
C 4 and C6 of the tetrahydropyran ring may help to stabilize the partial 
- negative charge on the oxygen atom of the anomeric nethoxyl group. 
3.2.3c The Nature of the Solvent. Generally speaking, the anomeric effect 
is large in solvents (e.g., carbon tetrachloride) of low dielectric constant and 
small in solvents (e.g., water) of high dielectric constant. This is exemplified 







	 H3 1 0CH3 
Figure 3.25 The acid-catalyzed equilibration of cis- and lrans-2-methoxy-6-methyl-
tetrshydropyrans (see Table 3.4). 
(Figure 3.25), which has been studied in several solvents. The results listed 
in Table 3.4 show that the preference for the axial methoxyl group is 
lessened in solvents of high dielectric constant. 
Table 3.4 Acid-Catalyzed Equilibration of 2-Methoxy-6-Methyl-
tetrahydropyran (Figure 3.25) in Different Solvents (33c) 
Solvent 	 Dielectric Constant 	kcal mole 
Carbon tetrachloride - 	 2.24 0.74 
1,4-Dioxane 2.21 0.60 
Tetrahydrofuran 8.20 0.60 
Nitrobenzene 34.8 0.43 
Acetonitrile 37.5 0.35 
However, the influence of the dielectric constant on the anomeric effect, 
and hence on conformational equilibria, is often found to be incidental 
to other, more important solvation effects involving hydrogen bonding. 
Thus, methyl 3-deoxy--L-erythro-pentopyranoside (25d) exists predomi-
nantly (30) as the 4C1 conformer in solvents such as chiorofrom which 
do not form strong hydrogen bonds with the hydrogen atoms of the 
hydroxyl groups. Indeed, under such circumstances, the 4C 1 conformer is 
stabilized by an intramolecular hydrogen bond involving the syn-axial 
hydroxyl groups. However, when these hydroxyl groups are engaged in 
hydrogen bonding with solvents which are strong proton acceptors, such 
as pyridine, dimethyl suif oxide, or water, the 1 C 4 conformer is favored. The 
mole fractions (N 1 0) of the 'C4  conformer in different solvents, as estimated 
from coupling constant and optical rotation data, are shown in Table 3.5. 
It is also evident from this table that the conformational equilibrium is 
more sensitive to differences in solvation effects than it is to changes in 
dielectric constant. 
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Table 3.5 The Approximate Mole Fractions (N 14) of the 'C4 
Xonforiiier of Methyl 3-deoxy-0-L-erythro-pen.topyranoside in 
Different Solvents (30) 
Solvent 
J11 1 .11. 
Hz N 1C.a 
MD 
deg N14 b 
Dielectric 
Constant" 
Chloroform 2.2 0 142 0 4.2 
Benzene 2.8 0.16 ... ... 2.3 
Acetone 3.2 0.26 131 0.23 21 
Acetonitrile 3.4 0.32 127 0.31 39 
Pvridine 4.35 0.57 113 0.60 12.3 
Dimethvl sulfoxide 5.6 0.90 99 0.90 36 
Water 6.0 1 94 1 78 
Calculated from the following relationship (see Section 4.5.2): 
ob 	 - 	Oo 	 CDC13 
111.112 lti.R, -F- (1 - N,. 4 )J,1• , 
b Calculated from the following relationship: 
	
N-S v 	D20 	 CDCI2 + 
At 25°. 
It has been proposed (30) that hydrogen bonding of hydroxyl groups by 
proton acceptor. solvents (S) causes polarization of the 0-11 bonds in a 
manner (11-0—H+--S) such that the increase in the 11-0 bond dipoles is 
large enough to destabilize. the 4C 1 conformer with syn-axial hydroxyl 
groups zui to cause the compound to exist preferentially as its IC4  con-
former. In relation to hydrogen-bonding phenomena, another interesting 
observation has been made (30) concerning the nature of the conforma-
tional equilibrium displayed by methyl 3-deoxy-$-L-erytJro-pentopyrano-
side (25d). In ethylene dichloride the compound exists predominantly as 
• 	•- . .. 	 a the 4C, conformer, s expected, but on addition of dimet.hyl sulfoxide 
certain very significant ch:uges occur. At very low concentrations of 
dimethyl sulfoxide (ca. 7 moles per mole of (1101), the proportion of the 4C1 
conformer increases to ;t maximum, as indicated by the increase in the 
specific rotation of the solution; then, as the concentration of dimethyl 
sulfoxide is increased, the specific rotation decreases rapidly, indicating 
that a preference for the 'C 4 conformer is being felt. This observation has 
been explained (30) in terms of increased polarization of the 0-H bonds, 
with the movement of electrons toward the oxygen atoms favoring a 
strong intramolecular hydrogen bond, and therefore stabilization of the 
4C, conformer, in the first instance. Subsequently, as more of the proton- 
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acceptor solvent is added, the strong repulsion between the syn-axial 
C-0 bonds takes over and forces the equilibrium in the direction of the 'C4 
conformer. The strong repulsion between 02 and 04 in this case is to be 
contrasted with the weak repulsion brought about by the electron-with-
drawing acetyl groups in the diacetate (25d) discussed in Section 3.2.3. 
3.2.3d T/ic Origin oft/ic Effect. The factors considered in Sections 3.2.3a-c 
show quite clearly that the anomeric effect is polar in origin. The difference 
in dipole-dipole interaction energies between axial and equatorial orietita-
tions of the polar bonds (Figure 3.18) may be calculated (la, 55, 74) by a 
classical mechanical approach, which allows estimations of dipole-dipole 
interaction energies from a knowledge of the magnitudes and relative 
orientations of the dipoles, of the distance between them, and of the di-
electric constant. In this manner, the dipole-dipole interaction energies for 
2-chloro- (10) and 2-bromo-. (11) tetrahydropyran have been estimated 
(55) as 2.7 and 2.4 kcal mole- ', respectively. Comparison of these values 
with the experimental values of 2.65 and d. 3.2 kcal mole shows that agree-
ment for the bromo derivative is not good.. There are several difficulties 20 
(10, 74, 75) in making these calculations, and considerable doubt as to 
how much reliance may be placed on the calculated values always exists. 
In view of this situation, semiquantitative approaches for considering 
dipole-dipole interactions have been developed. In order to assess the im-
portance of dipole-dipole interactions between two oxygen atoms in con 
stitutional fragments of the type —0—C11 2--0—, several investigators 
(27, 43, 44, 50c, 52, 75-77) have found it convenient to consider the inter-% 
actions between the component dipoles generated along the axes of the 
lone pairs on the oxygen atoms assumed to be localized tetrahedrally in 
sp3  orbitals. As a neral rule, the most stable conformer for acyclic and 
cyclic acetals is the one in which there are a minimum number of syn-
axia12 ' lone pairs on oxygen atoms causing dipolar repulsion. 22 A considera- 
20 The exact location of the dipoles is not always easy to pin-point, and there is often 
some doubt as to the selection of a reasonable value for the dielectric constant. In 
addition, it is not justifiable to apply a classical mechanical formula on the molecular 
scale, particularly when the separation between the dipoles is of the same order of 
magnitude as the dimensions of the dipoles themselves. 
21  This term is used because, on inspect ion of molecular models, it is seen that "parallel" 
lone pairs localized tetrahedrally in sp3 orbitals have the same relative geometry as syn-
axial groups on a cyclohexane ring. Although the concept of directed lone pairs has 
proved useful in scntiqual,titative arguments, there is some doubt as to its theoretical 
justification, and it is possible (10, 78) that the nonbouded electrons on oxygen atoms 
are much more diffuse than is implied by sp3 hybridization. 
22 In a more general context, Eliel (75, 76) has termed this phenomenon the rabbit-ear 
effect. Whereas Lemieux (77) has recommended that the term anorneric effect be retained 
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Figure 3.26 The traasran3 (a), the gauche-trans (b), and the gauche-gauche (c) con-
formers of dimethoxymthane. Lone pairs involved in syn-axial interactions are repre-
sented by black lobes. 
tioñ of all the possible conformers (Figure 3.26) for dimethoxymethane 
shows that dic trans-trans conformer (a) has two syn-axial lone pair inter- 
actions, the gauche-trans conformer (b) has one, sy'n-axial lone pair inter- 
action, and the gauche-gauche conformer (c) has none. Therefore one would 
predict (cf. ref. 50c) that the gauche-gauche conformer (c) should be the 
most favored, and this is indeed the case, as shown by dipole moment 
measurennts (SO) and electron diffraction studies (Si). Syn-axial lone 
pair interactions are probably responsible for polyoxytnethylene (52, 75)— 
in contrast with polymethlene, which has a planar zigzag conformation- ', 
 having an all-gauche helical conformation (S2), wherein such interactions. 
are relieved. 
The 2-alkoxytetrahydropyrans are also useful model compounds for 
studying the anonieric effect. -A 2-alkoxytetruhydropyran with an equa-
torial alkoxyl group (Figure 3.27) has. two conformers (El and E2), 
• 	 obtained on torsion around the exocyclic C-O bond, which have a single 
syn-axial lone pair interaction, and a third conformer (E3) which has two 
Ethrard-Lc'nieux effect. Also, the opinion has been expressed (79) that., since the effect is 
now a generally recognized phenomenon in the much wider held of conformational 
analysis of heterocyclic compounds, the need for special terms to refer to electronic 
effects may no longer exist. Nonetheless, in the present context, it will be convenient to 
use, for electronic interactions associated with the anomeric center, the term anomerc 
effect, while recognizing that it is a particular manifestation of a general phenomenon, 
which might best be referred to as an electronic effect, that is, an effect involving electron 
distribution. 
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Figure 3.27 The six possible conformers (El, E2, E3, Al, A2, and A 3) of a 2-alkoxy-
tet.rahydropyran. R = alkyl group. 
such interactions. On the other hand, when the alkoxyl group is axial 
(Figure 3.27) two of the conformers (A2 and A3) have one interaction, 
and the third (Al) has no syn-axial lone pair interactions. Hence, it may 
be predicted that the axial conformer will be more stable than the equa-
torial one, a prediction which is in agreement with experimental observa-
tions. Moreover, conformer Al should be the most stable of the axial 
conformers, and conformer El the most stable of the equatorial conformers, 
since conformer E2 has a destabilizing sym-axial interaction between the 
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R group and the axial hydrogen atom on C3. These predictions are also 
• consistent with the experimental facts (77 1  83, S4). Dipole moment measure-
ments and coupling constant data from 111 nuclear magnetic resonance 
spectroscopy have revealed (84) that the axial conformers of six 2-alkoxy-
tetrahydropyrans exist predominantly in aprotic solvents as Al con-
formers, while the equatorial conformers exist preferentially as either 
El or E2 conformers, these. two conformers being indistinguishable 
from dipole moment measurements. However, there is some evidence 
(77) from optical rotation studies on (S)_2_metltyox3rtctral1Ydr0PYI1l 
that the A2 conformer is stabilized in water, possibly by the formation 
of an H—O—H bridge between the syn-axial lone pairs. X-ray crystal-
lographic studies on pyranosides have shown 23 (cf. refs. 52 and 84) that 
in all cases the axial anomers exist as Al conformers [e.g., methyl a-n-
glucopyrano.side (85) and methyl 
side (SO)] and the equatorial anomers as El conformers (e.g., methyl 
$-D-xylopyranOside (87) and methyl _o_maltopyranoside (88)]. In solu-
•tion, although the axial anomers should exist almost entirely as A 1 con-
formers. the equatorial anoniers could contain appreciable amounts of E2 
conformers, since the exo anomeric effect 24  is the same for them as for El 
conformers. In fact, this has been shown (S3) to be the case in the methyl 
D-ghICO!)vrano.,  ides, and in their 2-deoxy derivatives, by comparison of the 
magnitudes of the vicinal couplings between the UC of the aglycone, 
labeled in the methyl group with 13C, and the anomeric proton (see Section 
4.5.2). 
The anomeric effect has been interpreted also in other ways. In trans-2,5- 
• 	 dihalogeno- and t ran_2,3_dihalogenOdiOXa!leS (e.g., 15 and 16), as vell as 
in ehloromethoxymettlzmi', attention has been drawn (10) to the fact that 
axial C-X bonds (where X = halogen) are longer than in chioroalkanes, 
while adjacent C-O bonds are shorter than in aliphatic ethers. A stereo-
electronic explanation has been proposed (10) which may be illustrated by 
reference to chloromet.hoxymetltane in Figure 3.2Sa. In either of the two 
enanttonwriC conformers with the chlorine atom gauche to the methyl 
group (but not in the conformer where the chlorine atom is trans to the 
methyl group) the p orbital of the oxygen atom 25 is suitably disposed for 
mixing with the atitibonding o orbital associated with the C-Cl bond. The 
"In the crystalline state, intermolecular forces are also important in establishing the 
structure, and hence the conformation, of a molecule, and so it. must be-appreciated 
that any correspondence with the soluti(jn properties may well be fortuitous. 
21  The preference for axial :lnomers to exist as :11 conformers, and equatorial anomers 
to exist as either El or E2 v oiiformers, has been termed the e.ro anomeric effect by Lemieux 
(77 83). 
23 The oxygen atom is asnmed to be sp 2  hybridized since excited states are being mixed. 









(a) 	 (b) 
Figure 3.28 (a) The stereoelectronic explanation of the anorneric effect in chioro-
methoxymethane and in -anorners of methyl-o-glycopyranosides, and (b) the equiva-
lent valence bond representations. 
equivalent valence bond representation is shown in Figure 3.28b. This kind 
of delocalization strengthens the C-O bond and weakens the C-Cl bond. 
Indeed, chloromethoxymcthane is known (SO) to exist predominantly as 
the gauche conformers with unusually long C-Cl bonds and unusually short 
C-O bonds. As shown in Figure 3.28, the situation in a-anomcrs of methyl 
n-glycopyranosides with axial methoxyl groups is analogous to. that in 
the gauche conformers of chioromethoxymethane. This may explain (16) 
the relative stability of methyl a-n-glycopyranosides and the relative 
shortening of their endocyclic C-O bonds. 
Recently, molecular orbital calculations within the Hartree-Fock 
framework, based on the suggestion (3) that barrier mechanisms may be 
analyzed in terms of attractive-dominant - versus repulsive-dominant inter-
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Figure 3.29 The energy profile for torsion around the 0.0 bond of fiuoromethanol (78). 
• 	 the -0 bond of fluoromethatlol, a model compound for studying the 
anomeriC effect. Energy minima correspond (Figure 3.29) to conformers 
• 	 (b) and (J) with the C-F bonds 
syn-clinal to the 0-H bonds. Conformation 
• cd), in which the C-F and the 0-H bonds are 
ant i_peripianar, corresponds 
to an energy maximum higher than that associated with conformation (a) 
• 	 or (g), in which the C-F and 0-H bonds are cis_periplaflar. 
This would 
• suggest that the barrier traversed in the interconversion of the enantio- 
meric conformers ('o) and (f) is the 00  barrier. 
It is also significant that the eclipsed conformations (c) and 
(e) associated 
with the iso° barrier are not much different in energy from conformation 
(d). 
This means that the interaction of the C-F bond with the lone pairs on 
the oxygen atom as the C_i? bond sweeps through the 120° angle from 
torsional angles 120° 
 to 240° is virtually constant. Hence the suggestion 
has been advanced (7S) that the lone pairs on the oxygen atom are not 
directed but are diffuse, as shown in Figure 3.30, and that the anomeric 
effect exhibited by fiuoromethallol has its origin in the interactions between 
bonded electron pairs associated with the polar C-F and 0-H bonds. 
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H 
H H 
Figure 3.30 Diffuse lone pairs on the oxygen atom of 
fluoromethanol. 
F 
In discussing the origin or origins 26  of the anomeric effect, many ques-
tions remain to be answered. Nonetheless, a quantitative estimate of its 
importance in most pyran.oid derivatives can usually be arrived at em-
pirically. 
3.2.4 Conformational Free Energies 
Now that the nature of the stericand electronic interactions in pyraitoid 
rings has been examined, the results may be used to predict which con-
former is preferred in aqueous solution. The conformational free energies 
of each chair conformer may be calculated by summing all the steric in-
teractions, using the values listed, in Table 3.1, and making appropriate 
allowances for the anomeric effect according to the rules given at the end 
of Section 3.2.2. Application of this semiquantitative approach to the 
calculation of conformational free energies is shown in Figure 3.31 for the 
4C, and 'C 4 conformers of a- and -D-allopyranose. On the basis of these 
results, it may be predicted that both anomers exist predominantly as 
their 4C1  conformers, and this is indeed the case. 
The conformational free energies for the 4C, and 'C 4 conformers of the 
D-aldohcxOpyranoscs (22), the D-aldopentopyranoSeS (22), and the D-
kctohmcxopyranoscs are shown in Tables 3.6, 3.7, and 3.8, respectively. 
When the free energy difference between the conformers is less than 0.7 
kcal mole—', which corresponds to a 77:23 mixture at room temperature, 
both conformers are predicted in the tables (cf. ref. 22). Where experimental 
26 It is also a question, for example, of how far one is justified in comparing the properties 
of chloromethoyrncthane and fiuororncthanol with those of dimethoxyrnethane and 
pyranoid derivatives (cf. ref. 10). Also, the quantum mechanical calculations (78) do 








kcal mote 1 	 kcal mote ' 
• 	 3 ( 01:02) 	LOS 	 3(01:02) 	LOS 
(C1 :02 ) 	0.45 	 (0a: Oa ) 	1.5 
(0a: Oa) 	1.5 	 2(CaHa) 	. 	1.8 
2(0aH6) 	0.9 	 (0:OH) 	1.00 
Total 	 3.9 	 Total 	 5.35 
-D-Attopyranose 






HO 	 OM 
HO 
kcal mote 	 kcal mote 1 
3 (01:02) 	 1.05 	 2(07:02 ) 	0.70 
(C7 :02 ) 	0.45 	 (0a: Oa) 	1.5 
• 	 • (Oa : Hal 	0.9 	 (0a: Hal 	0.45 




(Ca: Hal 	0.9 
• 	 . Total 	 6.0$ 
• 	Figure 3.31 The conformational free energies of the C1 and 1C4 conformers of 
allopyranose and -n-a11opyranose. 	 . 
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Table 3.6 The Conformational Free Energies (kcal ?nole') of 
the 4 C, and 'C4 Conformers Calculated (22) for the D-A idohexo-
pyranoses in Aqueous Solution 
Preferred Conformer 



















































a-D-Idose 4.35 3.85 4C1, 'C4 'C,, 2C'4 
fl-n-Idose 4.05 5.35 'C, 
a-n-Mannose 2.5 5.55 'C,. 'C, 










11  These conformational free energies are relative to a hypothetical pyranoid ring 
devoid of all nonbonded and electronic interactions. 
By 'H nuclear magnetic resonance spectroscopy (22, 23, 90, 91). 
evidence on the basis of 'Fl nuclear magnetic resonance spectroscopy (22, 
23, 90-92) has been good enough to allow predictions about the conforma-
tional equilibria, this fact has been indicated. 
In addition, X-ray and neutron diffraction studies have shown (cf. ref. 93) 
• that the hexopyranoid derivatives with the gluco, nzanno, and galeclo 
configurations which have been investigated so far exist as 'C, (D) or 'C4 
(L) conformers in the crystalline state. Among the crystalline pentopyranioid 
sugars (cf. ref. 73), methyl $-D-xylopyranoside and $-n-lyxose exist as 
'C, conformers, wheras -D-arabinose and 2-deoxy-$-o-ribose exist as 'C4 
conformers. Of the ketohexopyranoid derivatives, a-t-sorbose has been 
S 
Table 3.7 The Cor,formati0ht Free Energies (kcal mole -') of 
the 'C1 and 'C4 Cc?for1fleTS Calculated (2 
2) for lh D_AldopCfltO- 




4a 	 Predicted 	Foudb 
lC4 	 T4
a.D-ArabinoSe 	 3.2 	2.05 	
4 
_n_ArabinosC 2.0 2.4 
'C,, 'C4 
a_LyX0SC 	 2.05 	2.6 	
'C,, 'C4 	'C,, 'C4 
-n-Lyxose 2.5 3.55 
'C, 	 'C, 





frD-Ribose 	 2.5 3.1 
I ,C 1 4 	 'C,, 'C4 
a-D-XylOSe 	 1.95 	3.6 	
4C, 
-n-Xylose 1.6 3.9 
'C, 
a 
These conformational free energies are relative to a hypothetical pyranoid ring 
devoid of all nonbonded and electronic interactions. 
b By 'Ii nuclear magnetic resonance spectroscopy (22, 23, 90, 91). 
• 	Table 3.8 The Conformational Free Energies (kcal inole') of 
the 4C, and' 'C4 
 Conformers Calculated for the D-KetohezO- 
pyranoses in Aqueous Solution 





a-r,-Fruàtose' 	 3.63 	3.85 	
'C,, 'C4 
4.95 2.85 • 
1C4 
-D-Fructose.  
a-n-Psi cose 3.90 5.35 
'C, 
a_n..Psicose 	 5.00 	
3.55 	 'C4 
c,.n-Sorbose 	 2.30 	6.55 	
'C, 	 'C1 
..n-Sorbose 3.85 4.35 
'C,, 'C4 
a-n-Tagato$e 	 2.50 	6.00 	
'C, 	 'C, 
e_Tagatosc 4.30 4.00 
'C,, 'C4 	• 	'C4 
a 
These conformational free energies are relative to a hypothetical pyranoid ring 
devoid of all nonbondcd and electronic interactions. 
b By 'H nuclear magnetic resonance spectroscopy (92). 
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shown (94) to exist as the 'C 4 conformer, a-D-tagatose as the 4 C, conformer 
(95), and -D-fructose as the 'C 4 conformer (95). 
When an anomcr is a mixture of 4 C, and 'C, conformers, its free cnerv 
is lower than that of either conformer byvirtue of the entropy of mixing 
(cf. Section 3.1.1 and refs. 21-23). The relative free energy of each anomer, 
°nomer, may be calculated by using the expression 
Gnomcr, = N4,G4, + N 4 O, 4 + RT(N 4 , In N4, + N, 4  in N,) (9) 
where N4, and N, 4 , the mole fractions of the conformers, may be obtained 
by solving the equations 
G401
pi 0 1P I IT /' \  
- '-'1c4 = - ifl (,AV4C,/2 Ic4) LU) 
and 
N4, + N, 4 = 1 	 (11) 
• 	for N4, and N3 4 . By using the values for G, and G, 4  in Tables 3.6. 3.7, 
and 3.8, and assuming no contributions from furanose or other forms, 
G and G for the aldohexopyranoses, the aldopcntopyranoscs, and the 
ketohe.xopyranoses have been calculated (cf. refs. 21-23) and are sho'n in 
Table 3.9. From the free energy differences between anomers, their 
Cons at equilibrium may be calculated, and these are expressed as rr-
centages of a-anomers in the table under the heading "Theory." Where 
available, values which have been obtaiiied for percentages of a-a!tomers 
in aqueous solutions at equilibrium by direct integration of 'H nudar 
magnetic resonance spectra are listed in the table under the lid 
"Experimental." Comparison of the observed and calculated values si:vs 
(22, 23) reasoinble agreement except in the case of idose. This is not sur-
prising when it is appreciated that idose is the least stable of all the nvr-
anoses and that distortion of chair conformers, or even significant cn-
tributions from twist-boat conformers, will seriously invalidate some of the 
assumptions made at the outset in these calculations. 
It is possible to obtain estimates of the relative free energies of the 
pyranoses, 	in aqueous solutions at equilibrium from the expres- 
sion 	 - 
Gpyranoso ° 	= NaG + NG + RT(Na In IV. + N o  In N) (12) 
where Na and N, the mole fractions of the anomers, may be obtained by 
solving the equations 
G - 	= — RT In (N./N o) 	 (13) 
and 
Na±Np=1 	 (14) 
92 	Conformation 
Table 3.9 The Relative Free Energies (kcal mole 	and the 
Percentage Proportions of the a-Anom.er at Lq?n!rllL?n for 
the D-AldohcXOpyranosc$, the D-Aldo7.entcpi/ranocs. and the 
D-Aelohexopyranoses in Aqueous Solution (22, 2'S) 
a-Anomcr, % 
Pvranose GO 	Go 	Go 	Theory 	Exeriznen ta1a 
Glucose 	2.4 	2.05 	1.8 	36 	 36 
Mannose 2.5 2.95 2.25 CO. 67 
Galactose 	2.85 	2.5 	2.25 	36 	 27 
Talose 3.55 4.0 3.3 OS 58. 
Allose 	3.85 	2.95 	2.85 	is 	 20 
Altrose 3.35 3.35 2.95 50 40 
Guloc 	3.85 	3.05 	2.85 	21 	 22 
Idoe 3.65 4.0 3.4 64 46 
Xylose 	1.9 	1.6 	1.35 	37 	 33 
Lvxose 1.85 2.4 1.65 72 . 71 
Arabinoe 	1.95 	2.2 	1.65 . 	60 	 63 
Riboc 3.1 2.3 2.15 20.5 26 
Sorbose 	2.3 	3.65 	2.25 	02 
Tagatose 2.5 3.7 2.5 SO 
Fructose 	3.35 	2.85 	2.65. 	2S 
Psicose 3.55 3.15 	. 2.9 33 
a By 'H nuclear magnetic resonance spectroscopy (22, 23). 
for •\T  and N. The values obtained (22, 23) in this manner fr Go pmnose 
are listed in Table 3.9. It is perhaps not surprising to find that 11-2. pyranoid 
derivatives most commonly occurring in Nature correspond the most 
stable configurational isomers. Thus, glucose, galactose, mae,  xylose, 
and fructoseoccur frequently as pyranoid derivatives. whereas the. others 
appear infrequently if at all. 
3.2.5 Nonchair Pyranoid Derivatives 	 - 
Certain anhydro sugars are characterized by pyranoid rings which as-
sume conformations other than chair conformers. Thus, in 1.4-anhydro-
2 ,3,6-tri-O-methvl-$-D-galactopvraflose (96), the pyranose ring is forced to 
U 
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exist as its 'B conformer (28), while the glycosidic ring of methyl 2,0-
oside (97) probably prefers to 
exist as its 2S0 conformer (29). In the case of epoxides and unsaturated 
derivatives, pyranoid rings are forced into half-chair conformers. For 
example, it has been shown (98) by 'H nuclear magnetic resonance spec-
troscopy that the a-anomer of 1,2,4,6-tetra-O-acetyl-3-deoxy-D-erythrO- 
_0-..__ 
130 	 H 	
O cH3 
CH3 CH3O 
H OCH3 	 H 
(28) 	 (29) 
hex-2-enose exists predominantly as its °t1 5 conformer (30), while the $-
ánomer prefers to exist as its 'H0 conformer (31). In both these conformers, 
the anomeric acetoxy group is quasi-axial. 
H 
AcO 




3.3 Acyclic Derivatives 
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It is well known (la) that n-butane prefers to exist as its anti conformer 
rather than a.s its gauche conformers (cf. Section 1.1). At room temperature, 
the preference is almost 2: 1 in favor of the anti conformer. Furthermore, 
polymethyleite hydrocarbons tend to adopt planar zigzag conformations 
wherein all the carbon atoms lie in one plane (cf. refs. S2 and 99). On the 
basis of this knowledge, it will be convenient to begin (cf. refs. 93, 100, and 
101) by examining the planar zigzag conformers of acyclic carbohydrate 
derivatives. 
The planar zigzag conformers of the three pentitols are shown in Figure 
3.32. Close inspection of molecular models shows that there are important 
94 	Conformation 
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Figure :1.32 The planar zigzag conformers of the three penitols. Syn-axial interactions 
are indicated by the double-headed arrows. 
nonbonded interactions between "parallel" hydroxyl groups 1,3 to each 
other in both xylitol and ribitol. This interaction is analogous (102, 103) to 
that between 1,3-diaxial hydroxyl groups on a cycloliexine ring, and so 
we shall refer to it as a syn-axial interaction. Of all the interactions in 
acyclic derivatives, the syn-axial ones are the most highly destabilizing and 
largely determine the relative l)oPUlatiOflS of the different conformers. 
From the values listed in Table 3.1, it can be seen that the syn-axial 
interactions between hydroxyl groups in xylitol and ribitol introduce a 
considerable amount of strain (1.5 kcal mole -1 ) into the planar zigzag 
conformers shown in Figure 3.32. This may be relieved by torsion around 
their C3-C4 bonds, 27 as shown in Figure 3.33 for xylitol. Consideration of 
the magnitude of the &yn-axial interactions shows that conformer (b) 
should be more highly populated than conformers (a) and (c). Thus, we 
may predict that in solution acyclic derivatives with the xylo configuration28 
will exist predominantly as conformers of type (b). On the other hand, those 
with the arabino or lyxo configuration are expected to exist preferentially 
as planar zigzag conformers. 
These predictions are borne out by experimental observations. Examina-
tion of a number of acylic derivatives with the ribo and zylo configurations 
by 'H nuclear magnetic resonance spectroscopy (102-105) has shown that 
the most stable conformers have 1,2-gauche relationships between carbon 
atoms in their chains; these have been termed (102b) sickle conformers. For 
example, tetra-O-acetyl-D-ribose diethyl dithioacetal (32) probably exists 
' Since the zigzag conformers of both these molecules have a plane of symmetry, torsion 
around the C 2-C 3 bonds would be isoenergetic. 
28  The same general prediction holds for those with the ribo configuration. 
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predominantly as the sickle conformer with a 1,2-gauche 
relationship 
between C2 and C5. 
In crystalline riboflavin hydrobrofl1ide monohydrate, 
the ribitol chain exists (100) as a sickle conformer with a 1,2-gauche 
rela- 
tionship between C l and C4. Acyclic derivatives with the 
arabino and lyzo 
configurations exist as planar zigzag conformers in solution (102-105) and 
in the crystalline state (93, 107). 
Figure 3.34 shows the number of syn-axial 
interactions between hydroxyl 
groups in the planar zigzag conformers of the hexitols: galactitol and 
mannitol have none, 
glucitol (gulitol) and altritol (talitol) have one each, 
and allitol and iditol have two 
each. Thus, only the acyclic derivatives with 
the galacto and manno 
configurations are expected to exist as planar zigzag 
H H 
HO 	H 	 - HO 	H 
OH 
H 	OH HO 	OH 
H 	OH H 	OH 
Galactitot 0-Manni tot 
H H 
HO 	H HO 	H 
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HO 	H H 	 OH 
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HO 	OH H 	OH 
OH 
H HO 
Hi 	OH HI 	OH 
Atlitot 0-Iditot 
Figure 3.34 	The p1arar zigzag conformers of the six hex it ols. Syn-axial interactions are 
indicated by the double-headed arrows. 
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conformers. The others should contain appreciable amounts of sickle and 
other bent carbon-chain conformers. So far, it has been shown by 'H 
nuclear magnetic resonance spectroscopy (102b) and by X-ray crystallog-
raphy (107, lOS) that acyclic derivatives with the galacto and inanno 
configurations exist predominantly as planar zigzag conformers in solution 
and in the crystalline state. On the other hand, D-glucitol,° D-iditol, and 
allitol all exist (107) as bent carbon-chain conformers in the crystalline 
state. 
Solutions of ddoses contain acyclic aldchydo forms in constitutional 
equilibria with cyclic forms. However, the concentration of the aldehydo 
form—usually partially hydrated—in aqueous solution is generally too low 
to be detected by 'H nuclear magnetic resonance spectroscopy. Nonethie-
less, a polarographic determination has indicated (109) that the aldchydo 
content of an aqueous solution of glucose is 0.0026% at a concentration of 
0.655 mole liter-1 . This corresponds to a free energy difference of about 
7 kcal mole-' between the acyclic and the cyclic forms of g!ucosc. It has 
already been noted in Section 3.2.4 that glucose is the most stable of.thc 
aldohexopyranoses and in this section that the aldchydo form has one syn-
axial interaction in its planar zigzag conformer. One might speculate that 
aqueous solutions of miuinose and galactose, which have no syn-axial inter-
actions in the planar zigzag conformers of their aldchydo forms, and are 
less stable than glucose in their pyranoid forms, may contain higher pro-
portions of aldehydo forms. 
3.4 FuronoidRings 
It will be convenient to begin a discussion of furanoid rings by consider-
ing the conformational properties of cyclopcntane. The three most sym-
metrical conformations are shown in Figure 3.35. The planar conformation 
a) has all five carbon atoms in one plane and belongs to point group D sh. 
The envelope conformation (b), 3° in which one atom is displaced out of a 
plane defined by the other four, has a l)IaflC (point group, C.) and is often 
. called the C conformation. The twist conformation 30 has two atoms equally 
displaced out of the plane defined by the midpoint between these two 
"It should be mentioned that potassium D-gluconate exists as its planar zigzag con-
former in the crystalline state (106). Apparently, in this derivative, the syn-axial inter-
action between the hydroxyl groups on C, and C4 is not as important as intermolecular 
,interactions in the crystal. 
'* There is a whole continuum of envelope and twist conformations corresponding to 
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Figure 3.35 The planar (a), envelope (b), and twist (c and d) conformations of cyclo.. 
pentane. 
atoms and the other three atoms. It exists in two enantiomeric forms (c 
and ci) and, since each has a C2 axis of symmetry (point group, C 3), is often 
called the C 2  conformation. Cyclopentane is flexible, and calculations 
show (-Ia, 110, 111) that the C and C 2 conformations have approximately 
the same energy. Since the energy barrier to interconversion of these two 
forms by pseudorotation is probably less thanRT, no discrete energy wells 
may be identified with certainty, that is, the C. and C 2 conformations do 
not qualify as conformers (112). 
In the planar conformation all cis 1,2 atoms or substituents are eclipsed. 
Some of these eclipsing interactions are relieved in the C. conformation, 
where only cis 1,2 atoms or substituents at positions 3 and 3' are eclipsed. 
Although all cis 1,2 atoms or substituents are partially staggered in the C 2 
conforination, there is some increase in the bond-angle-bending strain, 
compensating for the decrease in nonbonded interactions . (110 
In the case of the furanoid ring, there are ten envelope (E) and ten 
twist (T) conformation-, on the envelope-twist pseudorotational itinerary. 
If the furanoid ring is numbered as described in Section 2.7 and, in addition, 
the ring oxygen is numbered 0, then E and T conformations may be 
• 	. 	designated according to the following set of rules (cf. refs. lSd and 20): 
-S .SS S_• 	 - 	 ----. 	 - 
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Reference planes are chosen for the  and T conformations correspond-
ing to the ones described for the C. and C 2  conformations of cyclopentane. 
Ring atoms which lie above the reference plane (numbering clockwise 
from above) are written as superscripts and precede the letter, while ring 
atoms which lie below the reference plane are written as subscripts and 
follow the letter. 
When this convention is employed, the pseudorotational itinerary for a 
furanoid ring may be represented as shown in Figure 3.36. 
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• Figure 3.36 The envelope-twist pseudorotationil itinerary of the furanoid ring. 
Some idea of the stability of the furanoid ring follows from the observa-
tion (109) that 4-hydroxvbutanal and 5-hydroxvpentanal exist in aqueous 
dioxanc at 25° as lactols in equilibrium with 11.4% and 6.2% respectively, 
of the acyclic hydroxyaldehydes (cf. Section 2.7). If it is assumed that the 
free energies of the two acyclic forms are the same, the difference of 0.4 
kcal mole' between the free energy changes on cyclization calculated 
100 	Conformation 
from the above percentages corresponds to ii measure of the stability of 
tetral iydropyran-2-oI compared to tetrahydrofuran-2-ol. However, the-
difference in relative stability is likely to be greater with the sugars, since 
sub.stituents will tend to destabilize the furanoid ring relative to the pyra-
noid ring. 
Nonbonded interactions between cis-1,2 substituents on furanoid rings 





Figure 3.37 (a) Displacement of C i from the plane of the 
furanoid ring, and (b) displacement of C2 from the plane of 
the futanoid ring (113). 
that., if C 1 is displaced from the plane of the other four atoms, cis-1,2 non-
bonded interactions are relieved between substituents on C 1 , C 2 , and C3, 
but not between ubstituents on C3 and 04. Displacement of C 4 or 0 leads 
to a similar qualitative result. However, if either C 2 or C 3 is displaced 
fron the plane of the other four atoms (see Figure 3.37b for the effect of C 2 
displacement), all cis-1,2 nonbonded interactions are relieved. Hence it may 
be predicted that E conformations with C 2 or 03 displaced from the plane 
of the ring (i.e., E, E 2 , 3L', E 3) are more stable than the others. In addition, 
substituents other than those at Ci will prefer to take up quasi-equatorial 
or isoclinal orientations, in which the carbon-substituent bonds have 
moved toward the plane of the ring. Exception to this rule is made for the 
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orientation of electronegative groups at C 1 because the anomeric effect is 
also operative (23, 114, 115) in furanoid rings. Thus, a hydroxyl group on 
C1 will prefer to assume a quasi-axial orientation in which the C-O bond 
has moved out of the plane of the ring. 
Since cis-1,2 interactions are not favorable, it may be predicted (cf. 
ref. 23) that the :tnotner of a furanose in which the hydroxyl groups on 
C1 and C2 are (cans will be the more stable. Generally speaking, this is the 
case (72, 116, 117). However, if an anomer with hydroxyl groups trans on 
C 1 and C 2 also has a syn-1,3 interaction, it will be destabilized relative to 
the other anomer. Thus, 5-0-methy1--n-glucose, which exists (23) pre-









between 01, and 03, and between O and C 5, that may be relieved by ano 
inerization to the a-anomer. Indeed, at equilibrium, 5-0-methyl-n-glucose 
contains (23) approximately equal amounts of each anomer. 
Pseudorotation permits 'T3 	 3 T 4 and 2 11 I 
2 T3 4 T3 to occur without any 1,2 eclipsing interactions being in-
volved in these interconversions (cf. ref. 118). For this reason it is unlikely 
that any of these E or T conformations could, by themselves, correspond 
to real energy wells for a furanoid sugar, that is, the energy barriers that 
separate them are probably less than RT. If this is the situation, these 
conformations do not correspond to conformers. Consequently, furanoid 
sugars may be regarded as rapidly intercotwerting conformations in solu-
tion, and nuclear magnetic resonance spectroscopic data should therefore 
be interpreted in terms of a time-average conformational consensus (cf. 
refs. 23, 118, and 110). All tile nuclear magnetic resonance spectroscopic 
investigations carried out to date indicate (e.g., refs. 115, 118, 120-123) 
puckering in the C 2/C 3 region of monocyclic furanoid derivatives in solu-
tion. This observation is also true of the Spiro compound 1',2-anhydro-
[ 1-(a-D-fructofuranosyl)]-$-D-fructofuranose. Here the average conforms.- 
- r-• 
- 	 102 	Conformation 
I' 
(34) 
tional picture is best represented (114) by conformation 34, in which one 
furanoid ring is shown in the 2E conformation and the other in the 3E con- 
formation, that is, C3 and C 4 , respectively, of the fructofuranoid rings are 
displaced from the reference planes. 31 
Finally, it. is significant that, in the large number of X-ray crystallo- 
graphic studies carried out on furanoid derivatives, including many 
nucleosides and nucleotides, only puckering at C2 or C 3 has been observed 
to date (cf. refs. 93 and 124). 
3.5 Septanoid Rings 
Calculations by Hendrickson (4, 12, 14) aimed at determining the mini-
mum energy conformations of cycloheptanc have shown that there are 
four with similar energy contents. In order of increasing energies, these are 
(4c) the twist-chair (6.0 kcal mole'), the chair (7.4 kcal mole'), the 
twist-boat (S.4 kcal mole —'), and the boat (8.7 kcal mole') cotiforma-
lions.32 Examination of the symmetry properties (Figure 3.38) of these con-
formations indicates that, while the chair C) and the boat (B) conforma-
tions each have a o plane, the twist-chair (TC, TC') and twist-boat (TB, 
TB') conformations are without reflection symmetry, although they have a 
C2 axis of symmetry, and so must exist in two enantiomeric forms. The 
1 It is interesting, in view of electronic effects, that the furnuosidic oxygen atoms are 
axially orientated on the 1,4-dioxane ring (cf. 15-18 in Section 3.2.3). Also, he anomeric 
effect, which favors quasi-axial orientations of the oxygen atoms in the dioxane ring 
with respect to the furanoid rings, is satisfied in the conformations adopted by both 
furanoid rings. 
32 These values are relative to the chair conformer of cyclohexane. 
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Figure 3.38 The chair (C), boat (B), twist-chair (TC, TC'), and twist-boat (TB, TB') 
conformations of cycloheptane. 
cycloheptane ring is flexible, 33 and the chair and twist-chair conformations, 
as well as the boat and twist-boat conformations, are interconvertible 
4, 12, 14) via pseudorotation. On the chair/twist-chair pseuclorotatioTial 
itinerary, the twist-chair conformations correspond to energy vèlls, that 
is, they are conformers, and the chair conformations correspond to transi-
tion states.  
33 Experimental evidence for flexible seven-membered rings comes from the observation 
that cycloheptane-trans-1,2-diol forms (cf. ref. 125) an O-isopropylidene derivative. In 
addition, studies (126) on the intramolecular hydrogen-bonding properties of cyclo-
heptane-ds-1 ,2-diol and trans-1,2-diol indicate torsional angles between projected -O 
bonds of 42 0 and 51°, respectively. 
/U.' 	Conformation 
lit t hi' C:tse of t septanoid ring. tlit're are fourteen chair (C) and fourteen 
twist-chair ('IC) Coll formations on the c1tair/tvist-chair j)SeUdOrOt.Lt.io15al 
itinerary. lit the septanoid ring is numbered from 0 to 6 in the usual man-
tier, (lifIt'rt'iit. TC and C conformations- may be distinguished by using the 
following set of rules: 
For a 'IC conformation, the reference plane is chosen so that positions 
1 and 2 (or 1' and 2') 15  and the mid-point between positions 4 (or 4') lie in 
the same plane. For a C conformation. the reference. plane is chosen so 
that positions 2. 2'. 3. and 3' lie in the same pla11e. 36 
Ring atoms which lie above the reference plane (numbering clockwise 
from above) art' written as superscripts and precede the letter(s), while 
ring atoms which lie below the reference plane are written as subscripts and 
follow the-letter(s). 
\\lten  this convention is employed, the chair/twist-chair pseudirota-
tioiiitl itinerary of the septanoid ring i.s as shown in Figure 3.39. On the basis 
of the relative strain energies of the chair and twist-chair.coaformat ions of 
cycloheptane, it will be assumed that the 'IC conformations are the more 
stable forms of the sept-iuioi(t ring, that is, they correspond to conformers. 
Furthermore, when a 'IC conformer of a septanoid ring carries substituent.s, 
they may be axial, euatoriai, or isoclinal, as shown in Figure 3.40 for the 
twist-chair conformer of cyclolieptane. The additional strain energy in-
troduced on monosubstitution by a methyl group at various axial positions 
is also shown in Figure :3.40 (cf. ref. 14). 
It is known from experience that none of the aldohiexoses exist to any 
great extent in aqueous solution as septanoses. However,'if the hydroxyl 
groups at C 4 and C 5 are substituted in order to prevent both furanose and 
pyranose formation, as in 2,3,4.;-tetra-0-metlsy1-D-g1ucose, for example, 
then septanose sugars may be formed (127). Examination of the conformers 
on the chair/twist-chair pseudorotatioiial itinerary of 2,3,4,5-tetra-O-
methsyl--n-glucoseptanose (35) shows (Figure 3.41) that there are two 
conformers, 12 TC 0 . 5 and 0 .'TC 3 , with no axial .substituents, and three 
conformers, 67C01 , 34 TC 1 , 2 , and 2.37c45, with one axial substituent at 
either 'Position 2a or 3a. 37  Another two possible, contributors, conformers 
It is assumed that twist-boat- conformations on the boat/twist-boat pseudorotational 
itinerary. are of sufficiently higher energy for their contribution to the conformational 
equilibria to be minimal. 
36 The numbers refer to the positions on the TC and TC' conformations shown in Figure 
3.38. 
The numbers refer :o the positions on the C conformation shown in Figure 3.33. 
These positions correspond to those on the twist-chair conformer of cycloheptane 
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Figure 3.39 The chair/twist-chair pseudorottionaJ itinerary of the septanoid ring. 
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56 TC3,4 and 45TC06, have, respectively, one axial substituent at position 
4a and two axial substituents at positions 2a and 4a37 but are stabilized 
relative to the others by anomeric effects. Thus, at.least seven conformers 
could contribute significantly to the conformational equilibrium of the 
-anorner. 






twist-chair pseudorotational itinerary without at least one axial substituent. 
As shown in Figure 3.42, four conformers, 1 •2 TC 0 .5 03TC 2 . 3 , 56TC3. 4 , and 
4 . 5TCO G, each have one axial substituent at position 4a. 37 The first two are 
stabilized relative to the other two by anomeric effects. The conclusion 
Figure 3.40 The axial, equatorial (e), 
and isoclinal (iso) positions on the TC 
conformer of cycloheptane. The numbers 
represents the strain energies (kcal 
mole- ') of a methyl group in the various 
axial positions. 
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Figure 3.41 The most stable conformers of 2,3,4,5-tetra-0-methyl-$-D-.glucoseptanose 
(36). 
is that the -D-scptanose should be more stable than the a-D-scptanose 38 
Indeed, an equilibrium solution of 2,3,4,5-tetra-0-methyl-D-glucose in chlo-
roform has been shown (127) by 'H nuclear magnetic resonance spectros-
copy to contain 60% of the 13-septanose and 40% of the acyclic form, that 
isj no a-septanose was detected. These proportions indicate that the 
relative free energy of the fl-scptanose is of the same order of magnitude 
as that of the acylic form, which is probably about 7 kcal mole -' less 
stable than the glucopyranoid ring. Therefore it is not surprising that 
septanoses cannot be detected in equilibrium mixtures of aldohexoses. 
The -D-septanose will also be favored by an entropy-of-mixing factor, since it may 














Figure 3.42 The most stable conformers of 2,3,4,tetra-0-methvl-a-..glucosc'' 
(36). 
Only a few examples of monocyclic septanoid sugars are recorded 
literature, although 1.6-anhvdrohexopvranoses (Section 2.10) nud 
anhydroheptulopyranoses contain nominal septanoid rings (cf. ref. 
titioseptanose ring is present (12S) in deoxv-6-rnercatito-2.3,4,5-t 
methyl-D-gztlactoseptanose (37), and 2,3,4,5-tetra-O-acevv1-D-g: 
(38) and 2.3.4.5-tetra-O-methyl-D-galactose (39) are known (120, 1,) 
exist as septanoses. 
•OH 
-. 	 CH30 OCH3 
	 ROJhIIIIj, CR 
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	 RO 	OR R=Ac 
(37) 
R=CH3 
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3.6 Oligosaccha rides and Polysaccharides 
The conformational properties of oligosaccharides and polysaccharides 
are determined (16, 131-137) by two factors: 
The conformations of the individual monosaccharide residues. 
The relative conformations of respective pairs of monosaccharide 
residues linked glycosidically to each other. 
Since only oligosaceharides and polysaccharides containing pvraiiose 
residues have been subjected to detailed conforinational analysis to date, 
this discussion will be limited to situations in which the monosaccharide 
residues of the carbohydrate polymers are all pyranoid derivatives- of one 
sort or another. It follows that the first requirement in the conformational 
analysis of these polymers is a knowledge of the conformational prolerties 
of the pyranoid monomers (see Section 3.2). The majority of monosac-
charides (e.g., D-glucopyranosc, n-galactopyranose, n-mannopyranose, and 
n-xylopyrauose) which occur in polysaccharides exist as their 4 C 1 con-
formers, and in most instances it is a relatively simple task to derive (131- 
137) a set of atomic coordinates for each mohosaccharide residue, prefer-
ably from crystal structure data if avtihtble. 
If a reasonable value (usually around 117°) is assumed for the bond 
angle associated with the glycosidic linkage, knowledge of the values of 
another two vnriables is all that is required (132, 136) to specify (Figure 
3.43) the conformation of the cellobiose residue (cf. 46 in Section 2.11), 
which is the primary structural fragment of cellulose, the chief polvsac-
charide component of the cell walls of higher plants. These variables are 
the torsional angles defined in Figure 3.43 by the parameters and 41,39 
which are related to the torsional angles between C 1--ii and O 4 .—C 4 , and 
between C 41-11 4. and 0 4 —C 1 , respectively. The n-glucopyranose residues 
may be designated as N or R, according to whether they are closer to the 
nonreducing or the reducing ends, respectively, of the cellulose chain. For 
each residue, the atomic coordinates are referred to the glycosidic oxygen 
atom (0 4 ) as origin, with the x axis belonging to the set of axes for residue 
N collinear with the 0 4 —C 1 bond, and with the x axis belonging to the 
set of axes for residue R collinear with the 0 4 —C 4 bond. The xz 
planes are defined by the planes through 04', C1, and H 1 and through 04., 
C 4 ', and H 4 , respectively, and the y axes are perpendicular to thec planes. 




The definition of the conformation -,%-ith 0 = tP = 00 is an arbitrary one, 
such as vhicri II I and II 4  are in the same plane as C1, 0 4 ', and C 4 , and the 
geometry around the glycosidic oxygen atom (0 4 ') is the same as that 
shown in Figure 3.43. Coordinates which refer to any conformation (, ') 
of the cellobiose residue may be generated by means of standard inathematj_ 
ctl expressions for the translation and rtation of sets of axes. New ,  co-
ordinates for R which are defined with respect to the axes for N may be 
obtained by rotating the axes of R first about the 0 4 -C 4  bond through ', 
then about the y axis through the suplement of the angle at the glycosidic 
oxygen atom (0 4 ') in the plane defined by C1, 04', and C 4 , and finally 
about tine 0 4 C 1  bond through 0. Interatomic distances may be calculated 
from these coordinates, and the extent of nonbonded interactions, as well 
as the possibility of hydrogen bonding, may be assessed. Electronic com-
puters can be programmed to sample and test an appreciable proportion 
of the large, number of possible conformations. 
In one approach (131-136), conformations are said to he "fully allowed" 
if there are no nonbonded interactions between two atoms over distances 
less than the sum of their van der '\Vtals radii, and "marginally allowed" 
if all the nonbonded interactions between two atoms are over distances 
not greater than the sum of their van der Waals radii and not less than 0.9 
times this sum. When all the theoretically possible conformations of the 
cellobiose residue in Figure 3.43 were sampled (132) at 100 intervals for 
/ 
N 	 R 
Figure 3.43 The definition, of the parameters and C' for a cellobiose residue. 
both qS and P, only 24 "fully allowed" and 21 "marginally allowed" con-
formations out of a total of 362 (i.e., 1206 )were found. This result is ex-
pressed in Figure 3.44 on a "conformational map" that shows (132, 136) 
which combinations of 0 and ' fulfill these conditions. It is significant that 
the conformer which corresponds to the crystal structure (138, 139) of 
cellobiose is included within the "marginally allowed" area. When it is 
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Figure 3.4 The "conformational map" for a celobiose residue (132, 136). 0 corre-
sponds to the crystal structure of ceilobiose, and 0 to the llerrnans conformiu.ion of 
cellulose. 
• appreciated that 9670 of the relative conformations of $-1,4-linked D-
glucopyranose residues are "disallowed" (132, 136), it is not surprising 
that the cellulose chain is somewhat "stiff" (140). The relative conforma-
tions of these residues in the chain are given (131-137) by the parameters 
('i, #i), (2, '2), (, )..... If these parameters assume the same value 
at each glycosidic bond, the general conformation is that of a regular 
helix. Such a helix is characterized by two parameters, n and h, where it is 
the number of monosaccharide residues per turn of the helix and h is the 
projected residue height on the axis of the helix. 
Systematic exploration of all the possible conformations of cellulose 
indicates (132; 136) that the "Hermans" or "bent-chain" conformation 
LYE 	Conformation' 
CH2OH 04 	CH2OH 	I OH 




OH I 	CH20H 	 OH 	CH20H 
I 	 I 
OHCH CH2OH0  - . H.jo - 
OH 
	
OH 	CH2OH I 	 - 
- 10.34 
Figtu-e 3.45 The Ilermans conformation of cellulose, shown in two different projections. 
Hydrogen bonds between O S and 11 3 ' are indicated by the dotted lines. 
(141) corresponding to (-25 0, 146°) for each (, ) and represented dia-
grammatically in Figure 3.45 is the only one which is relatively free from 
nonbonded interactions, agrees with the X-ray crystal structural data (142) 
in having a twofold screw axis of symmetry 40 (r.e., a. = 2) and a projected 
residue height of 5.15 A; and also permits hydrogen bonding bctwetin 05 and IJ., of contiguous residues. Since the term secondary structure is usually 
employed 'tO refer to the conformation of a polymer chain of known pri-
mary structure, it may be concluded that the "Hermaits" -conformation 
(-25°, 146°) represents the most probable secondary structure for cellu- 
lose. 
\Eore detailed calculations have been carried out (132) on the assumption 
that the most important contributions to differences in the total intra-
molecular potential energy (Er  in equation 4) of different secondary struc-
tures for cellulose come from nonbonded interactions (E,) between atoms 
and groups associated with neighboring D-glucopvranose residues. 41 Con-
tributions from differences in bond-stretching strain (E 4), bond-angle-bending strain (Es), torsional strain (L' 1), and electronic interactions (Ee), 
" Ill relation to the regular helix already characterized by the parameters n and h, a twofold screw ax ixw(,Ivc5 rotation about the axis of the helix through 180° followed 
hr a translation of I,. 
' In its nonbondeil interactions with other atoms and groups, the hydroxymethyl group 
has been treated (132) as being equivalent to a methyl group (cf. Section 3.2.2). 
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as well as allowances for clifTerences in hydrogen-bonding energy, solvatiori 
energy, and crystal lattice energy, were not takeii into account in the cal- 
culations, but the significance of some of these factors was assessed qualita- 
tively. On the basis of these computations, the conformation of cellobiosé 
in the crystalline state corresponding to (-42°, 162°) for 
(, 	 ') 
was found 
to be near the energy minimmn for nonbonded interactions, with the 
slight displacement toward higher potential energy favoring time formation 
of a hydrogen bond between 0 5 and 031. rIlmerc  is also some experimental 
evidence (143) for such 	t hydrogen bond in dimethyl sulfoxide solution 
from 'I-I nuclear magnetic resonance spectroscopy. The minimum energy 
conformation can also form a fully hydrogen-bonded lattice in the crystal 
(138, 139). 
Although the secondary structure for cellulose represented by the 
"Hcrmans" cbnformation has a slightly higher nonbonded interaction 
energy than the cellobiose conformation, it still permits hydrogen bonding 
between 05 and 03', for which there is some experimental evidence from 
studies (144) involving infrared dichroism. The somewhat higher non- 
bonded interaction energy is probably also compensated for by time efficient 
packing of cellulose chains in the crystal when, and only when, the polymer 
has a simple screw axis of symmetry. Without such a simple* screw axis, 
polymer chains cannot be stacked into a crystal lattice. 
One of the most important functions of polysaccharides in Nature is their 
ability to form gels42 in a wide variety of situations within the bacterial, 
plant, and animal kingdoms. The opinion that certain polysaccharides 
can form gels by virtue of intermolecular associations between polysac- 
charide chains has been vindicated most convincingly by Rees and his 
associates over the last few years. The manner in which polymer chains 
of known secondary structure interact defines their tertiary structure. The 
importance of tertiary structure in establishing polysaccharide networks 
has been demonstrated (133, 135-137, 145) by the results of investigations 
on a family of related polysaccharides, extractable from red seaweeds and 
known as carrageenans (see Section 2.12). These polysaccharides have 
sufficiently regular primary structures to justify, the expectation that 
secondary and tertiary structural features may influence the solid-state 
and solution properties, and consequently they have been used as models 
to study gel formation. 
It was noted in Section 2.12 that one of the carrageenans, K-carrageenan, 
- has (136, 146) a primary structure of the masked repeating type, based on 
the formula shown in Figure 3.46. Some of the 4-0-substituted 3,6-anhydro- 
A gel displays some properties which resemble the liquid state and others which re-
semble the solid state. 









0H 0 	- 	
- in OH 0 0s03 
A—Carrageenan 	
[  
Figure 3.46 The primary structures of (a) -carrageenan, (b) t-carl-ageenan, and 
(c) X-earrageenan. 
D-galactopyranose residues are replaced by D-galactopyranose_6sulfate 
residues, and both these residues are partially sulfated at C 2. Another 
water-soluble component from red seaweed is -carrageenan, which also 
has (136) a masked repeating type of primary structure. In the formula 
shown in Figure 3.46, about 10% of the 3,6-anhydrO-D-galactOpyrax0se_ 
2-sulfate residues are replaced by D-g , iactopyranose_2,3isuIfate residues. 
Finally, a third component, X-carrageenan, has (136, 147) the masked 
repeating type of primary structure and is represented by the formula in 
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Figure 3.46, except that occasional 3-0-substituted D-galactopyranose 
residues are sulfated at C 2 . Both K- and -carragcenans may be converted 
into a more regular type of primary structure by treatment with alkaline 
borohydride (148), which causes 4-0-substituted residues sulfated at C 6 
A*) to undergo the intramolecular nucleophilic displacement shown in 
Figure 3.47 to give the corresponding 3,0-anhydride (B). 43 If the position 
e 
• 0s03 	
O3 so,  CH 	 -- 
OH°/BH? 
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RHcrSO 	 B 
Natural - or i- 	 X-Carrage.nan-flkesment 
ca'ra5e.nan 
Modified - - 	
OH0/B 
carragenan 	 ---A - B - A - B - A - B - -- 
Figure 3.47 Conversion of natural into modified - and -carrageenans. A = 3-0-
substituted D-galactopyranose residue. 
of the sulfate group on the 3-0-substituted residues (A) is disregarded 
(136), it becomes apparent that natural - and -carrageenans contain 
"X-carrageenan-like" segments. It will be seen subsequently that this has 
important consequences for the secondary, and hence the tertiary, struc-
tures of K- and -carrageenans. 
X-ray diffraction studies (135) on oriented fibers of salts formed with a 
series of monovalent cations indicate fiber axis repat distances of 24.6 A 
for K-carrageenan and 13.0 A for -carrageenan. The X-ray diffraction 
photographs are capable of the most complete interpretation when it is 
assumed that both fibers contain polysaccharide chains arranged as double 
helices, so that there are three disaccharide residues in each turn of any 
single helix. In i-carrageenan the residues of one helix are located exactly 
half-way between those of the other helix to give a fiber axis repeat distance 
43  Borohydride is present in the reaction mixture to minimize base-catalyzcd depolymer-
ization [often referred to (149) as "peeling"] from the reducing end of the polysaccharide. 
Reducing sugar residues are converted into their corresponding glycitols, and "peeling" 
from the reducing end is arrested. 
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of 13.0 A. The relative orientation of the two helices in K-carrageenan is 
unknown at prt.sen t. 
The.econdar 	tertiary structures and  structures of -, t-, and X-carrageenans can 
be analyzed (133, 135, 136) by modI building in the computer as described 
previously for cellulose, except that there are four variables, 
6AB, 'A8, 
ItA, and two associated with each distinct, g!vcosidic linkage, to be 
considered. When this analysis is performed, it transpires that the chains 
of K-and -carrageenans will form double helices only if each chain has the 
right-handed screw sense. The representation of the double helix for 
carrageenan shown in Figure 3.48 was obtained (136) with the aid of a 
molecular model built to correspond to the calculated coordinates and to 
satisfy the experimental data. Inspection of such a molecular model .sug-
gests (135, 136) that there could be a hydrogen bond between the 02 of a 
3-0-substituted D-galactopvranose-.i-sulfzite residue in one chain and the. 
06 of a similar residue in the other chain. Experimental evidence for such 
a hydrogen bond, which has to be perpendicular to the helix axis, has been 
obtained (135) from studies' involving deutciation and infrared dichroism 
with oriented fibers. Thus, every free hydroxyl group in -carrageena.n 
would be involved in hydrogen bonding within the double helix, and as a 
result an element of stability would be introduced into the tertiary struc-
ture. 
• ' 	 Analysis of all the possible arrangements in space for the known primary 
structure of X-carrageenan by model building in the computer has revealed 
(1:33).a small proportion of left-lutudetl helices, a finding which matches the 
X-ray diffraction data indicating a helix with threefold screw symmetry 
and a fiber repent distance of 25.21 Thus, the secondary structure of 
X-carrageenan resembles a fiat ribbon with some lateral bending. 
It follows that natural t-carrageenan, which contains some ''X-carragee-
nan-like" segments (Fi gure 3.46). will be composed of somewhat ''kin ked'' 
helices. Therefore, in aqueous solution, the Polysaccharide chains probably 
assume secondary structures which librate about potential energy minima 
in such a way that two chaiiis may readily interact to form segments of 
double helices as shown in Figure 3.49. This association allows the poly-
saccharide chins to cross-link in a three-dimensional network and is 
believed (135, 136. 145, 1:50) to be responsible for the gel formation on 
cooling of aqueous solutions of carragu'enans. On further cooling, the double 
hielicus can associate to form aggregrates reminiscent of the packing in 
oriented fibers. Support for this theory of gelation comes from the similari-
ties in the cation requirements for gel formation and fiber orientation, as 
well as from studies (136, 145, 151) on chuiges in optical rotation with 



















• 	 •• 	•-, 	 • 	 '• 	 • 
Figure 3.48 The -carrageenan double helix. The black balls are carbon atoms; the 










Solution 	 Got double helices 	 Gel aggregates 
Figure 3.49 Proposed. mechanism (135, 136, 145) for gelation by - and t-carragcenans. 
alterations in secondary and tertiary structure associated with the forma- 
tion of double helices, and subsequently to the aggregation of the helices. 
The requirement that only polysaccharide ch:iins with the same senses 
can enter into double helix formation (Figure 3.49) means that any intra-
molecular association must involve loops (136). This realization presents 
the possibility that two or more loops may interlock, causing a "catenane-
like" association between polysacchride chains which will contribute to the 
network. Complete double helix formation between two parallel chains is 
prohibited by the "kinks" associated with the 6-sulfate residues. An enzyme 
has been characterized (136) in red seaweeds that will convert the 6-
sulfate residues into 3,6-anhydride residues. It is tempting to speculate 
(136) that such a "de-kinkase" provides the control mechanism for altering 
polysaccharide tertiary structure, and hence the composition of polysac-
charide networks, in biological situations. 
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In applying physical methods to the investigation of stereochemical 
problems, it is desirable to employ as many different techniques as possible. 
Some of the methods which have found wide application in the study of 
the stercochemical properties of organic compounds in general have been 
described elsewhere (1). The methods (cf. refs. 2-11) which are particularly 
suited to providing answers to stereochemical problems posed by carbo-
hydrate molecules will now be discussed. 
4.2 X-ray Diffraction 
In principle, X-ray crystallography is capable of yielding complete 
information on the structure of any sugar which can be obtained in the 
crystalline form (5). Even in the case of some polysaccharides (see Section 
3.6), natural or man-made fibers contain regions of order called crystallites, 
which are amenable to X-ray diffraction analysis (3). Clearly, intermolec-
ular forces, within the crystal lattice will influence the conformation 
adopted by the molecules in the solid state; and, although it does not 
necessarily follow that the conformation associated with the structure in 
the solid state corresponds to the conformer which predominates in the 
.liquid state or ill solution, this is often the case. Indeed, a number of 
instances where such correspondence exists were mentioned in Chapter 3. 
Apart from its application as a useful tool in structure determination, 
X-ray crystallography also supplies useful data on bond lengths and bond 
angles (5, 7). It will be recalled from Section 3.2 that this information is of 
vital importance when considering the geometry of the chair conformers of 
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4.3 Moss Spectrometry 
Although mass spectrometry has been found (8, 12) to be not too 
generally informative about stereochemical differences between configura-
tional isomers, in some instances the technique offers an easy method for the 
characterization of constitutional isomers. Thus, it has been possible (13) 
to distinguish between 2,5:3,4-(1) and 2,3:4,5-(2) di-O-methylene-galacti- 
CH2OM 	
CH20H 
CH20H 	 Eii20ii 
(1) 	 (2) 
• 	 tols by inspection of their mass spectra, which are shown in Figures 4.1 
• and 4.2, respectively. 
In the mass spectrum shown in Figure 4.1, the ion (fragment A 1) with 
vile 116 could arise either from a 1,3 , 6 ,S-tetraoxacvclo[5.3.0]decamie ring 
• 	 system (13) or from a l,3,G,S-tetraoxacvclo[4.4.O]decane ring system 
(14), that is, either from the 2,5:3,4-diacetal or from the 2,4:3,5-diacetaL 
• 	 g 
C 
-... 	v 	CU 	100 	120 	140 	160 	180 	200 	220 
rn/C 
Figure 4.1 The rnas spectrum of 2,5:3,4-di-0-ine(.hvlene-galactjtol (1). 





Figure 4.2 The mass spectrum of 2,3: 4,5_diO_methyICflC_galaCtitOI (2). 
However, the fact that the mass spectrum shows a "half-ion" peak at 
rn/c 103 of low relative abundance indicates' that the diacetal is not 2,4:3,5- 
j_O_rncthy1cflC-gaktct1tol. The fragmentation process shown in Figure 
4.3a accounts for the formation of fragment A1, which may subsequently 
lose a hydrogen atom to yield fragment A 2 with rn/c 115 or a hydromethyl 
radical to give fragment A 3 with rn/c 85. 
There are also important peaks in the high mass range to be found at 
rn/c 205 (fragment B), 175 (fragment C), and 145 (fragment D). As shown 
I The mass spectra of the 2,4:3,5-di-0-methylene derivatives of D-glucitol and t-iditol 
both show (15) "half-ion" peaks at rn/c 103 of higher relative abundance. As shown in 
Scheme (A), electron shifts result (14) in the rupture of three bonds to give a stable 
"half-radical" and the "half-ion" at rn/c 103. 
CH2OH 
CH2OH 	 I 
H 
o 	 O 	 —HCHO 














A2 m/e 115 
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// CH 2 OH 





A 1 rr,/e 116 
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C 1 m/e 175 
Figure 4.3 The fragmentation pfocesses for 2,5: 3,4-di-O-methylene--galactitol (1). 
in Figure 4.3b, fragment B results from loss of a hydrogen atom from the 
molecular ion (M = 206). Fragment B may then lose- formaldehyde to 
give fragment C, with the same m/e (i.e., 175) as fragment C', which is 
obtained directly from the molecular ion by elimination of a hydroxymethyl 
radical; fragment C' may subsequently lose formaldehyde to yield frag-
ment D with m/e 145. 
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By a fragmentation process similar to that shown in Figure 4.3b for the 
2,5: 3,4-diacetal (1), the 2,3 : 4,5-diacetal (2) may eliminate a hydroxyrnethyl 
radical followed by formaldehyde to give ions of m/e 175 and 145, respec-
tively (Figure 4.4). However, the mass spectrum of the 2,3:4,5-diacetal 
(2) shown in Figure 4.2 exhibits a "half-ion" peak at 7n/e 103 of excep-
tionally- high relative abundance on account of cleavage of the C 3-C 4 bond 








HOCH2 C <\0....J 
m,'e 145 
Figure 4.4 The fragmentation process for 2,3:4,5-di-0-met.hylcne-galactitol (2). 
(14, 16). Together with the lack of ions at m/e 115 and 116, this is good 
evidence that the mass spectrum is character istic of a4,4'-bis-1,3-dioxolane. 
The constitutional assignments were confirmed (13) by 'H nuclear 
magnetic resonance spectroscopy (see Section 4.5.2). 
4.4 Infrared Spectroscopy 
• Although infrared spectroscopy of pyranoid derivatives has facilitated 
the assignment of configurations at the anomeric carbon atom in the past 
(9, 17), this problem is now more readily tackled by nuclear magnetic 
resonance spectroscopy (Section. 4.5). However, it is important to realize 
that,, in contrast with the latter technique, infrared spectroscopy offers a 
means of obtaining data for the solid state of a particular compound, as 
well as for solutions. 
If infrared spectra are recorded at very low dilutions (<0.003 M) in 
carbon tetrachloride solutions, the intramolecular hydrogen bonding 
associated with hydroxyl groups in carbohydrate derivatives may yield 
information about configuration as well as conformation. The method is 
based on the observation (is) that the 0—H stretching frequency, which 
normally occurs in the region around 3630 cm, is shifted to lower fre-
quency when the hydroxyl group is engaged in hydrogen bonding; the 
lower the frequency, the greater is the strength of the hydrogen bond. 
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However, recent observations show that care must he exercised when apply-
ing this rule. Although the liydroxvl group in the chair conformer of the 
trans  isomer (3) of 5- ydroxy-2_isopropvl_1,;3_(ljoxa,je cannot enter into 
	
HO 	 0 
(CH3)2 
(3) 
hydrogen bonding with the ring oxygen atoms, the existence of two 0—H 
stretching frequencies, one at 3636 cm -1  and the other at 3605 cm', has 
been confirmed (10). Despite the fact that hydrogen bonding could occur 
if the chair conformer was converted into a twist-boat conformer (cf. ref. 
20), the elargv of a hydrogen bond is undoubtedly insufficient to Overcome 
the ilicrease of almost U kcal mole' involved (Section 5.5.2) in transforming 
the chair conformer into the highly disfavored twist-boat conformer. 
It has been suggested (10), therefore, that the absorption band at Ca. 
3605 cm-' may be assigned to one of the conformers associated with a 
particular torsional orientation of time equatorial hmydroxyl group (cf.-ref. 
21). Nonetheless, it has been possible (20) to make COflgtrationa1 assign-
ments to time two diastereomers of 5-hydroxy-2-1>hie,,d_l ,3-dioxzume (1,3-0-
benzyhideiie_glvce,.ol) by comparison of their infrared spectra in carbon 
tetrachloride solutions. One diastereomer had an absorption band at 
3593 cni' (e 7) associated with a hydrogen-bonded hmydroxvl group and 
was assigned to the cis isomer (4). The other diastereomer had absorntiomi 
bands at 3633 cmn' (e 79) and 3601 cm-' ((- 26), both probably associated 
with free hydroxyl groups, and was assigned to the trans isomer (5). 
HO 	 HO : 
0 	 Ph 
(4) 	 (5) 
Occasjozmallv, Conformnational assignments can be made as well. On the 
bnsis of an absorption baud at 3512 cm', which is characteristic of hvdro-
geui bonding between syn-a_xial hy droxyl groups, methyl 2-C-mcthv1--L-
ribopvrumoside is believed (22) to exist as the C l4 conformer (6) in carbon 
etrachlorjde solutions. 






4.5 Nuclear Magnetic Resonance Spectroscopy 
4.5.1 Chemical Shifts 
Quite often chemical shift data by themselves turn out to be particu-
larly useful when considering the constitutional, configurational, and 
conformational properties of carbohydrates and their derivatives. None-
theless, one usually seeks to corroborate the data by any information that 
is forthcoming from a consideration of the multiplicity associated with 
spin-spin coupling. 
The observation (23) that, as a general rule in pyrunoid rings, equatorial 
protons resonate at a lower field than constitutionally similar axial protons 
has led to the formulation of some empirical rules (24, 25). Although a 
few exceptiqns have been found, this gcneralizatiàn is of great use in making 
configurational and conformational assignments. 
In fully acetylated pyranoid derivatives, a change in configuration at a 
chiral carbon atom whereby an equatorial acetoxy group assumes the 
axial orientation has the effect of deshiciding a neighboring axial proton 
and shielding a neighboring equatorial proton (24). The following empirical 
rules enable the chemical shifts of H 1 and H 5 in hexopyranose pentaacetatcs 
to be predicted relative to the & values of 5.75 and 3.90 observed for H 1 
and H s, respectively, in -D-glucopyranose pentaacetate (7): 
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11 the proton under consideration has remained axial: (a) add 0.2 
ppm for each neighboring axial acetoxy group; (b) add 0.25 ppm for each 
syn-axial acetoxy group. 
If the proton under consideration has achieved the equatorial orienta-
tion: (a) add 0.6 ppm to account for the change of orientation from axial 
to equatorial; (b) subtract 0.20 ppm if there is an axial acetoxy group at a 
neighboring position. 
Table 4.1 shows the measure of agreement between the observed and 
calculated chemical shifts for a number of hexopyranose pentaacetates. 
Table 4.1 Observed and Calculated Chemical Shifts for H 1 and 
H 5 in a Number ofHexopyranose Pcntaacet&es (24) 
ö Values, ppm, in Chloroform-d 
H5 
Hexopyranose 
Pentaacetate 	Obs. 	Cale. 	Obs. 	Cale. 
a-n-AUto- 6.02 5.95 4.5 4.4 
a-n-Galacgo- 6.36 6.35 4.4 4.35 
a-n-Gluco- 6.34 6.35 4.1 4.15 
a-D-Gulo- 6.22 - 	 6.15 4.6 4.6 
a--3Ianno- 6.09 6.15 4.1 4.15 
-D-Allo- 6.00 6.00 4.2 4.15 
-n-Ga?ac10- 5.74 5.75 4.1 4.1 
fl-D-Gulo- 6.00 6.00 4.3 4.35 
-D-Manno- 5.93 5.95 3.9 3.9 
Comparison of these chemical shifts indicates that H 1 resonates at con-
siderably lower field than does H 5. Indeed, it is a fairly general rule that 
anomeric protons give rise to signals at lower field than do other ring 
protons (23). This is a consequence of the fact that the anomeric carbon 
atom is bonded to two oxygen atoms, thus causing the anomeric proton 
to be somewhat more deshielded than the other ring plotons. 2 
The chemical shifts of the 19F  nuclei in 19F  nuclear magnetic resonance spectra of 
hexopvrariovl and pentopyranosyl fluoride derivatives are also known (2) to be de-
pendent on their orientation, axial or equatorial, at the anonicric center. Just as with 
anorneric protons in pyranose derivatives, an equatorial fluorine atom is deshielded 
relative to an axial fluorine atom in pyranosyl fluoride derivatives. Moreover, the 19F 
chemical shifts are also subject to some variation that depends on the configuration 
at the other chiral carbon atoms around the pyranoid ring. 
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Configurational assignments can often be made on the basis of differ-
ences in chemical shift. For example, in both anomers (8 and 9) of o- 
AcO 	CH20AC o 	6 4.10 	 AcO 	C)42OAc 0 	o 3.90 
6.09 
OAc 




mannopyraflose pentaacetate, H 1 and H 2 bear a syn-clinal relationship to 
each other, and So it is not possible to make configurational assignments at 
the anomcric center based on spin-spin coupling constant data. However, 
assignments can be made (24) on the basis of the relative chemical shifts 
of the anomeric protons. The signal at lower field is assigned to the -anomcr 
in which H 1  has the equatorial orientation, and the a-anomeric assignment 
is confirmed by observing the expected deshielding of H r, by the syn-axial 
acetoxy group on the duomeric carbon atom. 
An exception to the rule that equatorial protons resonate at lower field 
than constitutionally similar axial protons is provided by a-D-altropyranose 




AcO 	 OAc 
(10) 
comes at higher field than does the signal for the axial proton on C 4. This 
situation arises because 112 is strongly shielded by the neighboring axial 
acetoxy groups on C1 and C3, whereas H 4 is strongly deshielded by the axial 
acetoxy groups on C2 and C 3 . 
Usually the protons associated with the methyl groups in axial acetoxy 
groups give rise to signals at lower field than the corresponding protons 
in equatorial acetoxy groups. The differentiation is not regarded (24) as 
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Correlations of chemical shifts of ring protons in pentopyranoses 'ith 
stereochemistry have been expressed (25) in a set of empirical rules based 
on $-D-xylopyranose (11) as standard: 






If the proton under consideration has remained axial: (a) add 0.3 
ppm for each neighboring axial hydroxyl group; (b) add 0.35 pp ii for 
each syn-axial hydroxyl group. 
If the proton under consideration has achieved the equatorial orienta-
tion: add 0.6 PPn. 
The position of the conformational equilibrium of a-D-lyxopyranose (12) 
in aqueous solution has been predicted (25) by comparing the observed 
chemical shifts (v.,) of ö 5.08 and a 3.90 for H 1 and H 2 , respectively, with 
the calculated chemical shifts (4c  and P I CJ of these protons, shown in 
Figure 4.5 for the 4 C, and 'C 4 conformers, respectively. From the relation- 
ship 
	
Pubs - = N4c141 ± N, 4v, 4 	 (1) 
the conclusion may be reached that a-D-lvxopvranose (12) exists to about 




Figure 4.5 The calculated chemical shifts (25) of II, and H 2 in the 4 C, and 'C4 con-
forniers of a-D-lyxopyraItoce (12). 
-- 
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The presence of alkyl substituents on pyranoid rings [cf. cyclohexane 
derivatives (27)] can also influence the chemical shifts of neighboring ring 
protons. Thus, the H 1  signal of 6-dcoxy-5-C-methyl--D-xylohexopYranose 
(13) is shifted (2S) to lower field than the H 1 signal of $-n-xylopyranose 
(11) on account of deshielding by the .syn-axial methyl group on C5. 
HO 	CH3 	o 






In a series of 4-substituted 2-phenyl-1,3-dioxolafleS, 'H nuclear magnetic 
resonance signals for the benzylidene-rnethifle protons of cis isomers (14) 
were invariably found (29) at higher field than the corresponding signals of 
the trans isomers (15). An analogous situation was found (30) to prevail 
H 	
0 	Ph 	 Ph 
R....f7/><h1 HjI> 
R=CH3 CH20H CH2OAc CH(CH3)2. CH2CH2CH20H. C(CH3)3. 
(14) 	 (15) 
for the alkylidene-methine protons in the syn. and anti isomers of some 
2,4,5-trisubstituted 1,3-dioxolanes. These observations allow configura-
tional assignments to be made at the acetal carbon atom of 1,3-dioxolane 
derivatives of carbohydrates. 
In many instances, the proportions of a-pyranose, -pyranose, a-furanose, 
and -furaiiose at equilibrium in a solution of an aldopentose or aldohexose 
in deuterium oxide may be obtained (24, 31, 32) by direct integration of the 
signals for the anoineric protons. In the identification of furanose forms, 
the anomer with the cis arrangement between the anonieric proton and the 
oxy substituent on C 2  will normally give rise to a lower field signal for its 
anomeric proton than the anomer with the trans arrangement (33). 
A knowledge of the compositions at equilibrium of aqueous solutions of 
aldohexoses and aldopentoses, as determined by 111 nuclear magnetic 
resonance spectroscopy, has been extremely useful in identifying 13C signals 
in proton-decoupled 13C nuclear magnetic resonance spectra (34-37). 
Tables 4.2, 4.3, and 4.4 record the 13C chemical shifts which have been 
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Table 42 ' 3C Chemical Shifts (ppm upfield from external 
carbon disulfide) for the Aldopentopyranoses (35) 
	
Pvranose 	C1 	c2 a 	 C 3 	C4 	C 5 
a-D-Xylose 	100.0 	120.6 	119.2 	123.1 	131.1 
$-D-X3Iose 95.5 118.0 116.1 122.8 127.2 
a-L-Arabinose 	95.3 	120.1 	110.7 	123.8 	126.1 
-i\rabinose . 95.4 123.6 123.6 123.8 129.9 
a-D-LvxoC 	9S.2 	122.1 	121.6 	124.7 	129.4 
s-n-Lyxoe 98.2 122.1 119.6 125.5 128.3 
0--RiboS 	98.9 	123.6 	122.0 	124.7 	129.4 
-n-Ribose 98.4 121.1 121.1 .123.7 129.4 
The assignments for C2 and C3 are reversed in the paper by Dorman and Roberts 
(36). 
Table 4.3 11C Chemical Shifts (ppm upfield from external 
carbon disulfide) for Sonic Aldohexopyranoses (35) 	- 
Pyranose 	C1 	C20 	 C3 a 	 C4 	C5 	C5 
a-n-Glucose 	100.4 	120.9 	119.5 	122.8 	121.2 . 131.4 
-n-Gtucose 96.5 118.2. 116.6 122.8 116.6 	131.4 
a-n-Galaetose 	100.0 	123.5 	123.5 	123.8 	122.0 131.2 
-D-Galactose 95.S 120.2 119.5 123.1 117.3 	131.4 
a-o-Mannose 	97.6 	121.0 	121.5 	124.9 	119.8 130.7 
-n-Mannose 98.2 120.8 118.7 125.2 115.9 	130.7 
$-D-AUose 	99.0 	121.2 	121.4 	125.6 	119.0 131.2 
a The assignments for C 2 and C 3 are reversed in the paper by Dorman and Roberts 
(36). 
found (35) for some aldopentopyianoses, some aldohexopyranoses, and 
some methyl aldohexopyraiiosides, respectively. The electron density 
associated with a particular carbon atom directly influences its chemical 
shift. Thus, for example, the anomeric carbon atom, which is attached to 
two oxygen atoms and has a relatively low electron density associated with 
it, is shielded and resonates at a relatively low field in the region between SS 
and 102 ppm. Other ring carbon atoms resonate at higher field in the region 
between 116 and 133 ppm. The chemical shift of a particular carbon atom 
is also dependent on the nature and orientation of the substituent and on 
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Table 4.4 13C Chemical S/tifts (p pin upfield from external 
carbon disi.iljidc) for the Methyl Aldohexopyianosides (35) 
Pyranoside Ci C 2  C3   C4 C5 C6 OC113  
a-D-GIUCO 92.9 120.6 118.9 122.4 120.9 131.3 137.2 
p-n-Gtuco- 80.1 119.1 117.3 122.5 117.3 131.1 135.0 
a-u-Galacto- 93.0 122.0 122.6 123.9 121.6 131.0 137.2 
-n-Galacto- 88.7 121.6 119.5 123.7 117.5 131.4 135.4 
a-n-Manno 91.8 122.0 122.7 125.8 120.1 131.6 137.5 
-n-Zvfanno- 91.5 122.2 119.5 125.7 116.2 131.4 135.9 
a-n-AUro- 91.7 122.8 122.8 128.0 122.8 131.5 137.4 
a--IdO- 91.3 121.9 121.0 122.5 122.0 132.6 137.0 
a The assignments for C 2 and C3  are reversed in the paper by Dorman and Roberts 
(36). 
the nature and orientation of neighboring substituents. The dependence 
on the nature of the substituent is demonstrated by the fact that conversion 
of an aldopentose or an aldoliexose to either of its methyl glycopyratnosides 
(Tables 4.3 and 4.4) causes C1 to be deshielded by ca. 7.0 ppm. The de-. 
pendence on the orientation of substituents is summarized by the following 
empirical relationships, which may be deduced (35) by comparing 13C 
chemical shifts for a-D-glucopyranose and a-D-xylopyranose with those for 
_D_gIucopyranose and -D-xylopyranose, respectively: 
1. An axial hydroxyl group is associated with increased shielding of the 
13C nucleus to which it is attached. 
2.A 'C nucleus adjacent to a carbon atom which carries an axial hydroxyl 
group experiences increased shielding. 
3. An axial hydrogen atom in a syn-axial relationship with a hydroxyl 
group is associated with increased shielding of the ' 3C nucleus to which 
it is attached. - 
These observations have the important implication (35) that the intro-
duction of destabilizing interactions around the pyranose ring causes an 
all-round increase in the shielding of the 'C nuclei. 3 This statement finds 
quantitative support in Table 4.3, which shows that the sum of the 13C 
chemical shifts of some pentopyranoses and hexopyranoses is related to 
their relative free energies (Section 3.2.4). 
$ Similar relationships between destabilizing interactions and 'C chemical shift differ-
ences have been found in cyclohexane derivatives (38, 39) and in some inositols and their 
0-methyl derivatives (40). 
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Table 4.5 Correlation (3.5) of the Sum of ' 3C Chemical Shifts 
(ppm) 'with Con forni.ational Free Energies (I. -.cal mole -1) (See 
Section 3.2.4 and ref.  32) 
Conformational Free 
Pyranose 	 13C Chemical Shifts 	Energies 
a-D-Glueose 702.1 2.05 
707.3 2.5 
fl-n-Mannose 700.5 2.05 
a--(lucose 716.2 2.4 
715.5 2.5 
717.4 2.95 
cc- i-Galactose 724.0 2.85 
-1)-XVlose 579.6 ' 	 1.6 
a-L-Aral)III0SC 583.3 1.95 
$-D-Lyxoe 503.7 2.4 , 
a-D-XVIOSC 594.0 1.9 
504.7 2.3 
a-D-LVXOC 596.0 ' 	 1.95 
$-L-Arahinose 598.4 2.2 
a-i-Ribose . 	 508.6 3.1 
Although :tni'()tropy effects arising from ring currents have been invoked 
(41) to ex lain tli observation that e(jUatOrifll !)rOtotlS are usually more 
deshiekkd titan constitutioiutllv similar axial protons, C nuclear magnetic 
resonance spectroscopic dtta suggest (35) that the difference may be 
• 	 expEuneci, in part at least, in terms of the relative shielding of the carbon 
• atom to which tllL proton is attached. It is significant that., when the respec- 
tive C and lii  chemical shifts of a-anomers and -aiiomers arc compared, 
• ''  . a relative shielding of the C  nucleus of the anomeric carbon atom is 
:tccoml)auird by the relative deshielding of the anomeric proton, and vice 
versa. This is illustrated in Figure 4.6 for the anomers of D-glucopyranoSe. 
Sbicto the anomeric carbon atom is more shielded and hence less positive in 
the a-anomer, the axial C 1 -0 1 bond must be less polarized than the equa-
torial C l-(), bond in the $-anomer. Therefore a hvdroxvl proton associated 
with an axial C-0 1 bond should be more shielded than a h'droxvl l)rOtofl 
associated with an e(luatoriul CrOi bond (35). If this is the ca.sc, it would 
at least partially account for the observation (42) that the hydroxyl proton 
of the a-anonler with the axial C 1-0 1 bond resonates at higher field than the 
hydroxvl proton of the -auomer. 





' '-100.4 p p m 
6.15 
a-D _GLUCOpyraflOSe  
HO 	CH2OH 
HO 	
OH 	0'-- H .--o 6.50 
H96.5 ppm 
4.74 
Figire 4.6 A comparison of the 'C and '11 chemical 
shifts associated with the anomeric 
centers of a-  and a_g1ucopYrafl0Sas. 
4.5.2 Coupling Constants 
The magnitude of the coupling constant between hydrogen atoms on 
adjacent carbon atoms often yields valuable information about the con 
 
formational and configurational properties of carbohydrates. In the system 
H1Ci—Crli2, the main factor which influences the magnitude of 
is the size of the torsional angle associated with H, and H2 (23). 
The angular dependence finds quantitative expression in the well-knowtt 
Karplus (43) relationship: 
J111,2 = A cos2 4' —C for 0° 	
<90°1 
= B cos2 - C for ° .~ 	
(2) 
where A, B, and C are coflStflfltS. 
The original calculations for an "cthaniC" 
type fragment yielded (43) values for A, 
B, and C of 8.5, 9.5, and 0.3 Hz, 
respectively. Substitution of these values in equation 2 allows the graphical 
representation shown in Figure 4.7 to be derived for the angular dependence 
of vicilliti coupling constants. In accordance with this graph, 
protons which 
are anhi_periplaflar ( 	 n — 1SO°
) o a pyranoid ring usually exhibit a large 
value for the vicinal coupling constant (7-10 liz), whereas protons 
which 
are syn-clinal ( — 60°) usually exhibit a small value (1
-4 Hz). 
• The importance of the angular dependence of vicinal coupling constants 
in making configurational assignmentS is illustrated by considering the 
111 nuclear magnetic resonance spectrum of a solution of u-glucose at 
equilibrium in deuterium oxide, 
shown in Figure 4.8. Oil the basis of their 
• relative chemical shifts, the low-field doublet at 55.32 may be assigned to 
the equatorial anomeric proton of a_D_glucol)YraIlOsc and the high-field 
doublet at ô 4.74 to the axial anomeric proton o
fu_gluOPyrafl0Se. This 













Figure 4.7 A plot of the Karplus relationship between Jm.H2 and 46. 
I 	 I 	 I 	 I 
5.5 5.0 &s 	 4.0 3.5 
Figure 4.8 A 100 MHz 1H nuclear magnetic resonance spectrum of an equilibrium 
solution of o-glucose in deuterium oxide. Protons associated with the hydroxyl groups 
of the sugar were first of all exchanged for deuterons. 
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sociated with these two signals. In the case of the low-field signal assigned 
to the anomeric proton of the a-anomer, the value of ca. 3.5 Hz for its 
coupling with 112 is consistent with the syn-clinal relationship which exists 
between these two l)rOtotlS when -D-11lUCOpyra11OSe exists as its stable 4C1 
conformer. Correspondingly, in the case of the high-field signal assigned 
to the anomeric proton of the -anomcr, the value of ca. 7.5 1-Iz for its 
coupling with 112 is consistent with the anti-periplanar relationship which 
exists between these two protons when -D-glucopyranose exists as its 
stable 4C 1 conformer. 
If, in the system H 1—C 1—C2—H2, either C or C2 carries an electronega-
tive substituent, the magnitude of the vicinal coupling constant for a 
particular torsional angle is not as large as is predicted by the graph in 
Figure 4.7 (44-48). The electronegative substituent exerts its maximum 
effect on the viciral coupling constant when it is anti-periplanar to one of 
the two protons involved in the vicinal coupling.(48, 49). As a result of 
this electronegativity effect, the magnitude of the coupling constant 
between cis protons on C1 and C2 of the pyrailose ring falls into two catego- 
ries: 
For pyranoses with an axial proton on C1 and an equatorial proton 
Oil C2, the coupling constant is usually within the range 1.0-1.5 Hz. 
For pyranoses with an equatorial proton on C1 and an axial proton-on 
02, the coupling constant is Usually.within the range 2.5-3.5 lIz. 
Figure 4.9 shows that for the pyranoses in the first category (A), but not 
for those in the second (B), 112 is in an anti-periplanar relationship with the 
HO 	 H2 
H2 	 O\Hr 
H1 OH 
1.0-1.5Hz 	 H1.H2 :2.5-3.5 Hz 
(B) 
(A) 
Figure 4.9 The steric dependence of the electronegativity effect associated with the 
ring Oxygen atom on Jrn.az. 
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ring oxygen atom. Hence the smaller vicinal coupling constants is to be 
:tlltiCipate(i. 4 
A more appropriate form of the Karplus relationship has been deduced 
(50). It gives results so similar numerically (4S), however, that its applica-
tion is hardly justified, especially in view of the uncertainties associated 
with electronegative substituents. 
In the case of sonic pyranose derivatives it transpires that the observed 
vicinal coupling constant is intermediate between the ones predicted for 
the separate chair conformers (25, 31, 32, 51, 32). Since, at room tempera-
ture, the free energy of activation associated with the chair-chair inter-
conversion is small enough to ensure rapid conformational interconversion, 
it follows that, provided the difference in the relative free energies between 
the 4C and 'C 4 conformers is also small, the observed coupling constants 
(Jc, and J1c)  associated with the individual conformers are given by the 
expression 
Jobs 	N4 1J4, 	 (3) 
The equilibrium constants iind hence the free energy differences between 
the 'Cl  and 'C 4 conformers of the eight n-aldopentopyranose tetraacetates 
have been deduced (32) from equation 3 with the aid of appropriate cou-
pling constant data and are recorded in Table 4.6. In the case of $-b-ribo-





OAc 	 OAc 




equal amounts of each chair conformer are present in acetone-d 6 at room 
temperature. Moreover. when the temperature is lowered, the rate of 
chair-chair interconversion becomes slow enough on the nuclear magnetic 
The magnitudes of viei,zal 'F—'Jl coupling constants also show (26) an angular de-
pendence, and similar eleetroiiegntivity effects have been observed with pyranosyl 
fluorides. Also of interest is the observat jn (:4) that in the 1j[  nuclear magnetic reson-
aiice spect ruin of uC_e,i,.iehed D-glileose, the signal fort lie equatorial anomeric proton of 
the a-aitomer exhibits two extra splittings of 5-6 Hz, whereas the signal for the axial 
anonleric proton of the -anomer remains as a sharp doublet. It is significant that in the 
a-anomer 11, bears ant i-periplanar relationships with both C 3 and C5, whereas in the 
-anomer 11, is sun-dmal to both C 3 and C3. 
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Table 4.6 The Conformational Equilibria of the Aldopento-
pyranose TetraacetateS in Acetone-d 6  at 28° (53) 
AldopentopytalloSe 	 K 	 G°, kcal mole.' 
Tetraacetate C,/'C4 'C4
- 	- 
a..rj-Arabino 0.23 +0.87 
± 0.36 
p-n-A rabino- 0.03 +2.1 	± 0.4 
a-r,-Lyxo- 2.9 —0.63 ± 0.28 
0.67 +0.24 ± 0.29 
a-D-Ribo- 4.0 —0.83 ± 0.36 
p-n-Ribo-° 1.2 	.. —0.11 ±0.09 
	
a-r-Xylo- 	 50 	 —2.5 
p n X y10_b 4.0 —0.82 ±0.14 	- 
At 20°. 	- 
At 25°. 
resonance time scale to permit observation (52-54) of separate signals for 
the individual conformers. For $-D-ribopyraflOse tetraacetate (16), the 
observed chemical shift difference ('c, - vic,) between H, 0 (C, conformer) 
and Hi ('C4 conformer ) at —S4°  was 5S.5 Hz. With this information a 
rate of interconversion k of cc. 130 times per second between the 4C, and 
I04 conformers at —60 °  (the approximate temperature at which the signals 
coalesce) has been calculated (52, 54), using the expression 
k = [,r(v4c, - v'c4)/(2)1121 	 (4) 
From the Eyring equation (Section 3.1.2), a free energy of activation of 
ca. 10.0 kcal mole' was obtained (54) for the interconversion. This value 
compares with a free energy of activation of 9.6 kcal mole' for the chair-
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from 'H nuclear magnetic resonnce spectra obtained (53) at low tempera-
tures.' 
In some instances (24, 48, 55-60), the magnitude of long-range spin-spin 
couplings between protons separated by four (4J)  and five (5J)  single bonds 
may help to confirm a conformational assignment. Orientational effects 
associated with couplings across four bonds have been observed (48, 56, 57), 
and the magnitude of 4J  has been found to attain its maximum value 
when the bonds assume a planar zigzag conformation, the so-called (60, 61) 
CIWPI or "Al" conformation. 6  Thus, in the 1,6-anhydro-2,3,4-triacetates of 










AcO 	 OAc 
HH3 1.3 Hz 	
jH1.H3 1.4 Hz 	 - 	 H1-H3 1.8 Hz 
(18) 	 (19) 	 (20) 
Figure 4.10 Long-range couplings in the 1,6-anhydro-2,3,4-triacetates of D-glucose 
(18), D-mannose (19), and ngalactose (20) (55). 
long-range couplings of 1-2 Hz between H and 11 3 in a-D-gulopyranose 
pentaacetate (21) (24), and between H 2 and 114, as well as between H 1 and 
H 3 , in a-D-idopvranose pentaacetatc (22) (59), provide confirmatory 
evidence that bosh these derivatives exist predominantly as their 'Cl con-
formers in solution. Both pentaacetates also exhibit (24, 50) a 5J  coupling 
between H, and H 4. However, it is important to establish that a long- 
6 These values must be regarded as approximate, since equation 4—itself an approximate 
expression—should, strictly speaking, be used only to calculate exchange rates between 
equally populated sites, a situation which does not prevail for the chair-chair intercon-
versions of -D-ribopyrnnose and 13-D-1yxopyranoso tetraacctates. 
6 The signs of the long-range couplings (IJ) across single bonds in six-membered rings 
show (62) a stereochemjcai dependence. Those (4J,,)  between two equatorially oriented 
protons (i.e., the "W" conformation) are positive, whereas those (4J)  between an 
equatorial and an axial proton are negative. It should also be noted that vicinni coupling 
constants (3J) are usually positive, and gemizial coupling constants (2J)  are usually 
negative. 
- 	 . _-,.•.-I 	 .- - 	 _ 












-' 4 AcO AcO 
OAc 
H1.H3 1.0 Hz 
H2.H4 0.9 Hz 
"111.114 0.6 Hz 
(22) 
range coupling is authentic and not attributable to the phenomenon of 
virtual long-range coupling (63). For example, in -D-glucopyranosc 
pentaacetate (7), H 1 experiences (24) virtual long-range coupling since 
H2 and II 3 which are strongly coupled, have almost the same chemical 
shift. 
In 0-methylene derivatives, the magnitude of the coupling constant 
between the geminal protons is dependent on the orientation of the lone 
pair orbitals on the oxygen atoms with respect to the protons of the 0- 
methylene group (64-6S). This factor can often yield information about the 
conformation, and hence the constitution, of an acetal. In the absence of 
oxygen atoms a to methylene groups, genuinal coupling constants generally 
take on values in the region —12 to - iS Hz (48). Positive increments are 
added to the geminal coupling constant by a oxygen atoms through tile 
inductive removal of electrons from the symmetric bonding orbital of the 
0-methylene group and through back-donation of lone pair p electrons on 
the oxygen atoms' into the antisymmetric bonding orbital of the 0- 
methylene group. 
The positive contribution from the back-donation of a lone pair of p 
electrons is at a minimum (Figure 4.I1a) when the p orbital bisects the 
H—C—I-I angle, and at a maximum (Figure 4.11b) when the H—H 
internuclear axis is perpendicular to the C—O--C plane. The first kind of 
geometry prevails approximately in 1,3-dioxane derivatives and in some 
1,3-dioxepane derivatives; and geminal coupling constants are usually 
around —G Hz, that. is, by far the most important contribution is from the 
In an ABC system, a second-order effect on C is observed as a virtual long-range 
co1pling when JAB is large compared with av.&a, and B is not appreciably coupled to C. 










Figure 4.11 (a) The geometry for minimum back-donation of lone pair p electrons on 
oxygen atoms into the antiymmetriC bonding orbital of an 0-methylene group. (b) The 
geometry for maximum back-donation of lone pair p electrons on oxygen atoms into the 
antiymrnetric bonding orbital of an O-niethyleue group. 
inductive effect. To a first approximation, the second kind of geometry 
occurs in 1,3-dioxolune derivatives and back-donation causes, the geminal 
coupling constant to be close to 0 Hz. Thus, we have a means of distinguish-
ing between constitutionally isomeric 0-methylene derivatives of carbo-
hydrates. For example, the diacetal which was characterized as 2,5:3,4-
di_0_meth iy lene_galactit0l (1) by mass spectrometry in Section 4.3 yielded 
(13) geminal coupling constants for the 0-methylene protons in the 1,3- 
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dioxepane and 1,3-dioxojanc rings of 7.3 and 
Ca. 0 Hz, respectivJy.  On the other hand, the COflStitutjotlally isomeric diacetaj which mass 
spectrometry had indicated to be 2,3 : 4 
	
(2) in Section 4.3, gave (13) a coupling constant of close 
protons of the enantiotopj O- 
	 to 0 Hz for the geminamethyIe groups of the I,3-dioxojane rings. 
4.5.3 Nuclear Ove4rhauSe,. Effecfs 
Althougj t 
 this feature of nuclear magnetic resonance 
spec troscopy ha. 
Still to be exploited in the carb
ohydratefield, an elegant corzfirmaion 
of 
c
onformational assignn0115 to the two stereojsomcrs of 
2-O-methy l 
trimethyl_1,3_djoxaxe has been made (69) because it "'as possible to observe a 
nuclear Overhauser effects in the case of the 
c isomer (24), but not of 
the lrans isomer 
(23). The compound which had been assigned the 
cü COflfijraj011 on the basis of dipole moment measurements and Other 
1H nuclear magnetic resonance spectroscopic data showed a 12% cnhLncemeflt 
in the integrated area for the proton attached to C
2  when one of the two sig-
nals was 
irradiated Figure 4.12 shows that in the case of the cis isomer 











A nuclear Overhauser effect. 
(24) the proton attached to C
2  bears a 8yn-axial 
relationship to one of the two methyl groups on C 4
. This brings the proton into sufficiently close 
Proximity with the'axial methyl group to exhibit a nuclear Overhauser effect 
For an explanation 
of this effect see ref. 70. 
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4.6 Dipole Moment Measurements 
In a con formation ally mobile system, comparison of the measured dipole 
moment with the calculated values for the different conformers often 
allows predictions to be made regarding the nature of the conformational 
equilibrium. For example, dipole moments of 4.2 D and 1.9 D forgo - and 
, respectively, were calculated (56) for the '0-inside" and "H-inside" 
conformers of 1,3: 2,4-di-O-methylene-L-threitol (25). The measured 
0 	 0 	 0 
<0 
"0-inside" 	 (25) 	 "H-inside" 
dipole moment jz was 4.00 ± 0.07 D in benzene solution at 25°, and from 
the euatioii 
0 = J\T 	+ (1 - N0)j jj2 	 (5) 
• 	where N O is the mole fraction of the "0-inside" conformer, it was estimated 
that the diacetal (25) exists to an extent of 90% as its "0-inside" confonicr 
(see Section 5.5.7). 
For the conformational equilibria between the axial and equatorial 
conformers of a series of 2-alkoxytetrahydropyrans (26), a linear relation- 
fOR O 
	
(26) 	 OR 
ship (cf. equations 3 and 5) has been found (71) between the squares of the 
dipole moments and the sum of the vicinal coupling constants of lix with 
HA and H it , that is (fAX + Jx), for which an approximate value may be 
measured from the separation between the outer peaks of the low-field 
Hx resonance. From this linear relationship between A2  and (JAX + Jnx) 
(72), it follows that, of the six possible conformers resulting from torsion 
around the C-0 bond of the C-0—R moiety, one axial conformer and 
one (or two)'° equatorial conformer predominate. 
10 Two of the three equatorial conformers have the same dipole moment, and so the 
method is incapable of distinguishing between them (see Section 3.2.3). 
Optical Rotation 	147 
4.7 Optical Rotation 
The' most useful correlations of the configurations and conformations 
of carbohydrates with optical rotatory power have been achieved by com-
parisons of molecular rotations)' at single wavelengths, very often measured 
at the sudium n-line. Empirical approaches have been devised (73-70) for 
predicting the sign and even the magnitude of the molecular rotation of 
cyclic carbohydrate derivatives, including cyclitols and pyranoid deriva-
tives. Three (73-75) of these methods assume that separate conformational 
units in the molecule contribute independently to the molecular rotation 
and that the total molecular rotation is obtained by summing the contri-
butions. 
In one method (74), a center of optical activity is considered to be 
described by a screw pattern of polarizability of the electrons, with correla-
tions existing (i) between the handedness of the screw and the sign of the 
molecular rotation, and (ii) between the amount of polarizability and the 
magnitude of the molecular rotation. The rñost simple conformational unit 
to consider is the chain of four atoms a—C—C—a'. The Newmtin pro-
jections shown in Figure 4.13 illustrate that the confornational unit ex-
hibits conformalional dissymmetry caused by the syn-clinal and anti-
clinal conformations in (a), (b), (d), and (e), but not by the anti-periplailar 
conformation in (c). Empirically, it is found that conformations (a) and 
(b) make dextrorotatory contributions to the molecular rotation which can 
be expressed mathematically as 
[M] = +kAA' 	 (6) 
where k is a constant which is the same for conformations (a) and (b), and 
A and A' are fuflctions of the polarizabilities of atoms a and a', respectively. 
Conformations (d) and (e) make levorotatory contributions, and conforma-
tion (c) does not contribute since it is not dissymmetric. It has been found 
(74) that these contributions to the molecular rotation may be calculated 
11 The molecular rotation [M) is defined by 
[M) = M[al/100 
where M is the molecular weight., and [a) is the specific rotation. In some of the early 
literature of carbohydrate chemistry, the product was not divided by 100. The specific 
rotation is defined by 
[a) = lOOa/Ic 
where a is the observed rotation, 1 is the length of the sample cell in decimeters, and a 
is the concentration in grams per 100 ml. The concentration and the solvent are usually 
indicated in parentheses after the value; and the temperature in degrees centigrade is 
epres.sed by a superscript, and the wavelength of the polarized light by a subscript, both 
in reference to (al—for example, [a) —62 (a 1.3 in Cud,). 
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a 	 a 	 a 	 a 	 a 
at 	 a' 
C
at 	 at 
"6 
(a) 	 (b) 	 (c) 	 (d) 	 (e) 
Figure 4.13 Newman projections of the conformational unit a—C—C—a' in differe, 
conformations. 
from the atomic refractions R a and 	of atoms a and a', respectively, b 
the use'of the empirical equation 
[MJ = + 1600 R2 1/2 R 	 (7 
If we consider the conformer of ethylene glycol shown in Figure 4.14, 
value for its molecular rotation may be obtained' 2 by summing the coc 
OH 
H 	 OH 
H> 
 
Figure 4.14 The syn-dinal conformer of ethylene glycol 
tributions from all the dissymmetric conformations to give 
[M] = k(O.O - O•H + .H•H - H•H + H•H - H•O) 
or' 3 
EM] = k(O•O - 2 OH + 11.11) 
12 Ethylene glycol is, of course, acliiral. Contributions to optical rotation equal in magni 
tude but opposite in sign for enantiomeric conformers (which are isoenergetic) cance 
each other out.. 
13 0.11 = H.O. 
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which is sometimes written symbolically as 
[MI k(O - H) 2 	 (8) 
and has been found (74) to have a value of +45 ° (cf. ref. 73). This is an 
important conformational unit in cyclic carbohydrate derivatives, and the 
molecular rotations of the cyclitols are readily predicted (77) by adhering 
to the following simple procedure. Each C-C bond is treated in turn as a 
conformational fragment of the type shown for ethylene glycol in Figure 
4.14. With the hydroxyl group on the nearest carbon atom pointing upper-4.14. 
 then, if the hydroxyl group on the other carbon atom is syn-clinal 
and to the right a value of +45° is assigned, if it is .syn-clinal and to the 
left a value of -45° is assigned, and if it is anti-periplanar it makes no 
contribution to the molecular rotation. The calculated and observed molec-
ular rotations foi some cy.clitols in their preferred conformers are listed in 
Table 4.7 and are found to be in reasonably good agreement. 
Table 4.7 Observed and Calculated Molecular Rotations for 
• Some Cyclitols (73, 77) 
(MID 
Compound° 	 Obs. 	 Caic. 
Cyclohexane- 
(-)-1/2-diol 	 -480 	
_450 
(-).1,2/3-triol -92° -.900 
(-)_1,2,3/4-tetritol 	 -49° 	 -45° 
(-)-1,2,4/3-tetritol -570 -450 
(-)-1,3/2,4-tetritol 	 -43° 	 -45° 
(-)_1,2,4/3,5-pentitol -900 -900 
(+)_1,3,4/2,5-pefltitOl 	 +420 	 +45° 
(-)-1 ,2,4/3,5,6-hcxitOl -117° -1350 
° In this nomenclature scheme, the hydroxyl groups on positions preceding the 
lash are oriented above the plane of the ring and those on positions succeeding the 
slash are oriented below the plane of the ring. 
When pyranoid derivatives such as glycosides are considered, additional 
allowances (cf., however, ref. 75) must be made (74) for the following 
conformational features: 
1. The pyranoid ring has an axis of polarizability difference between 
0 and C 4  when there are different axial substituents on C1 and C5 (e.g., a), 
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OH 
OH 
(a) 	 (b) 
Figure 4.15 Pyranoid rings with an axis of polarizability difference between 0 and C4. 
or on C 2 and 04 (e.g., b) as shown in Figure 4.15. Conformation (a) is 
considered to contribute +100 °, and conformation (b) + 60°, to the molec-
ular rotation. 
In hexopyranoid rings, the contribution from the torsional isomers 
associated with the hydroxymethyl group attached to the chiral ceiter at 
C 5 has been assessed at +25 °. 
In methyl glycopyranosides, the contribution from the torsional 
isomers associated with the methoxyl group on the anomeric carbon atom 
has been assessed at + 105° for a-anomers, and at —105° for fl-anoiners. 
By means of this empirical approach, the molecular rotations for the 
4C1 and 'C 4 conformers of the methyl D-aluopentopyranosidcs have been 
calculated (74, 77)and are compared in Table 4.8 with the observed values. 
Although the calculated values obtained by this empirical method are 
probably insufficiently accurate to allow any unequivocal decisions to be 
made about conformational properties, nonetheless it is significant that 
comparison of the observed and calculated molecular rotations in Table 
4.8 suggests, for example, that methyl -D-xylopyranoside (27) exists as 
the 4C1 conformer, whereas methyl -D-arabinopyranoside (28) exists as the 
1C 4 conformer (cf. Section 5.3). 
HO 	
. 
HO 	 OH 
0  
OH 
H 	 HOP 
OCH3 	 HO 
	
(27) 	 (28) 
- - - 
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Table 4.8 Observed and Calculated Molecular Rotations of the 
Methyl Pentopyranosides in Water (73, 74,  77) 
[MI D 
Cale. 
Methyl l'ent-opyranoside 	Obs. 	 4C1 	 1 C4 
a-D-Arabiflo- —28 0 +190- 00 
-r-Arabino- _4030 750 _4000 
+950 .+550 +1350  
-D-LyXO- —210 0 —2100 2650 
a-D-Ribo- +170°° +250° 
fl-D-Ribo- —186 0 —1500 2050 
..o-.Xylo. +2530  +2500  +600 
$-D-X?JlO —108° —1500 2050 
e In methanol. 
The expectation (74) that the nature of the solvent can influence the 
position of equilibrium between conformers, and hence the molecular rota-
tion of a cmpound, has been realized (78) for a number of pyranoid deriva-
tives (see Section 3.2.3c). Thus, the 'H nuclear magnetic resonance spec-







indicates (78) that the compound exists almost entirely as the 'C1 con-
former, since J,,,,112 = 6.0 Hz. The calculated molecular rotation for the 
'C4 conformer of +155' is in good agreement with the observed value of 
+140* in water. On the other hand, the 'H nuclear magnetic resonance 
spectrum in chloroform-d, showing JH,,112  = 2.2 Hz, requires that the com-
pound exist almost entirely as the 4C, conformer. Once again, the calculated 
1 13 	//'!/.ica/ .J/e/Jjo(/3 
molecuhu• rotatio n  for the 4C1  conformer of ±205 0  is in excellent agree-meiit vit)i the olerved value of +2100 in chloroform.  
Changes in molecul. rotation' arising from solvent effects onconforma 
tional equilibria 
are also expected (74) to be sensitive to changes in temper-ature ((:f. ref. .54). 
Table 4.9 shows a 
comparison between the observed and the calculated 
values for the molecular rotations of the 4C1  conformers of the methyl 
Table 4.9 Observed and Calc 
IJ'ater (77) 	
ulated Molecular Rotations for the C'I Conformers of Some Methyl A ldohexopy'can osides in 
[MID 	 [MJ 	EMl M('thVl 
:ldoheopvrano.jrle 	Ohs. 	Caic. 	Obs. 	Cale. 
cr-D-GO1f7CEO.. 	 +3800 	+375° 	3S0° 
-250 
4000 
a-D-GlucO_ 	+309° 	+325° 	375° 	4000 -o-Gluco- 660 75 
a-D-Gufo_ 	+2320 	+240° 	394° 	400° 
	
_1620 _1600 
+1540 	+130° 	2890 	265° —135° —13511 
a- and -n_glycop .raii0sjç5 with the galacto, gluco, gulo, and manno con-figuratioms (77). 
The difference in the molcuhjr rotation of the anomcrjc pairs is seen to be remarkably Co stant and close to the calculated value of 4000  for the glycosides with the galacto, luco, and gulo coILflguratjo5 This observatio n  is a logical expression of Hud1'5 rules of isorOtal ion (79), which attempt to correlate the molecular rotation with th 	n e cofiguratjoii 
It the ahlom('rjc center for a ziuiber of pyranojd derivatives. In the case of 
the methyl D-glvcopyi.i05j5 (Figure 4.16), g 	the  molecular rotation at 
the zuiorn&rjc center (A) is considered to contribute to the total molecular 
rotation independently of the contribution from the remainder of the 
molecule (13). Thus, in the D-series, 
and 
1 The tern' n'i'1ar/ijoi, is often used to refer to a change in optical rotation with time. 
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[MIs = B - A 
and hence 
[M]a - [M] 	2A 	 (9) 
— — 	 — — 
CH20H 	' 	 - 	CH20H 	' 
O, / 
HO 	 "a OCH3 + A 	 OCH3 -A 
HO 	OH 	 HO 	OH. 
a-anomer 	 . 	 -anomer 
Figure 4.16 Hudson's rules of isootation as illustrated by the methyl D-glycopya. 
sides. For the sake of generality, the configurations at C,, C, and C 4 have not been 
specified. 
Equation 9 is a quantitative expression of the well-known phenomenon in 
carbohydrate chemistry that in the D-Series pf sugars a-anomers are usually 
more dextrorotatory than -anomers. The quantitative formulation of the 
rules of isorotation fails, however, under a number of circumstances. For 
example, the molecular rotation difference between the a- and -anomers of 
methyl D-mannopyranosjde is less than the predicted value because of the 
axial hydroxyl group on 02 (cf. the galacto, gluco, and gulo configurations, 
which all have equatorial hydroxyl groups on C,). This reflects the funda-
mentally unsound nature of the van't Hoff principle of optical .superposi_ 
tioa, 1  of which the rule of isorotation is an example. 
The quantum-mechanical theories of optical rotation show (76, SO) that 
optical activity arises, in fact, not from screw patterns of polarizabiljtr of 
electrons in chiral carbon atoms or dissymmetric couforrnations, 16 but 
rather from modifications of such patterns by interactions between pairs of 
groups. Although the rotatory contribution of a given pair of groups in a 
36  The van't Hoff principle of optical superposition assumes that the molecular rotation 
is made up of the algebraic sum of the rotatory contributions from all the chiral centers 
in the molecule. It should be noted that the mannopyranosjde anomaly is accommodated 
by the empirical methods of Whiffen (73), Brewster (74), and Lemieux and Martin 
(75). 
16 
 Although the empirical rules proposed by Whiffen (73) and Brewster (74), and modified 
recently by Lemieux and Martin (75), are theoretically inadequate, they are nonetheless  
useful because of their very empiricism! 
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chiral molecule will be influenced by other groups in the molecule, these 
effects are usually considered to be negligible; and in the principle of pair-
wise interactions the optical rotation is taken as the sum of contributions 
arising from all pairwise intcraction in the molecule. Of course, in the ideal 
situation expressed in the principle of mulliwise interactions, the' optical 
rotation is taken as the sum of the contributions from pairwise interactions, 
three-way interactions, four-way interactions, etc. This principle has been 
used (Si) to define a parameter called the linkage rotation [A] for a disac-
charide at a given wavelength as 
[A] = ['lINRI - [M 1N ] + [-' f] 	 (10) 
where [i1I] is the molecular rotation of the disaccharide, [I1!IoN]  is the 
molecular rotation of the methyl glycoside of the ionreducing residue N, 
and [Me] is the molecular rotation of the reducing residue R after mutarota-
tion. Thus, the value for [A] represents the contribution to the molecular 
rotation from interactions across the glycosidie linkage minus any con-
tributions to [M 1 ] ahd [Ms] from interactions involving the glycosidic 
methyl group of Nand the hydrogen atom of R. It has been shown that the 
linkage rotation may be related to the conformational parameters (, ') 
defined in Section 3.6 by the relationship 
	
[Ala = —105° - 120° (sin 	± sin 	) 	 (11) 
for a-linked disaccharides, and by the relationship 
[Alp = 1050 - 120° (sin A0 + sin 	) 	 (12) 
for fl-linked disaccharides, where A.0 = 	- 150° and Aip = 	- ISO*. 
Using values for A0 and Atp obtained from crystal structure data, it has 
been possible, for example, to predict (Si) to within a few degrees the 















In the case of both - and -carrageenans, where polysaccharide chains 
are known to associate (cf. Section 3.0 1/ , changes in optical rotation brought 
about by changes in the temperature of aqueous solutions of these poly-
saccharides have been attributed (82, S3) to the formation of double helices. 
In such circumstances, the dependence of the optical rotation on the con-
tributions from differing proportions of secondary and tertiary structures 
is being measured. 
Finally, one other empirical correlation of optical rotation with con-
figuration should be mentioned here. This is Hudson's laclone rule (84), 
which in its present-day form (85) states that lactones derived from aldonic 
acids have a positive rotation if the hydroxyl group involved in lactone 
formation is on the right of the Fischer projection formula of the aldonic 
acid. Thus, the 5-lactone of D-galactofliC acid (32) has a positive rotation, 
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Much of the chemistry of carbohydrates is characterized by isomerisms, 
and many of the important interconversions and reactions of carbohydrates 
involving isomerisms eventually lead to the establishment of dynamic 
equilibria. A number of these isomerisms, such as the conformational 
isomerism between 1C, and 'C4 conformers of pyranoid derivatives and the 
configurational isomerism between a- and -aiomers of furanoid and 
pyrhnoid derivatives, were discussed in Chapters 3 and 4. However, many 
of the thermodynamically controlled processes encountered in carbohydrate 
chemistry display a remarkable stereochemical versatility which can 
rarely, if ever, be discussed in terms of a dynamic equilibrium between two 
states. Indeed, conformational, configurational, and constitutional iso-
rncrisms may all occur together in the same system. This chapter will be 
concerned with a discussion of the interplay among these three kinds of 
isomerism in a few of the important isomerizations exhibited by carbo-
hydrates. 
• 	
5.2 Loctol Ring Isomerizotion 
When a crystalline aldose or ketose is dissolved in a solvent, isomeriza- 
• tions take place and an equilibrium is eventually established. The anomeri-
zation of an aldopyranose or a ketopyranose may occur by a mechanism 
involving a cyclic intermediate, or it may proceed via an acyclic aldehydo 
or keto intermediate. In fact, the mechanism involving an acyclic inter-
mediate, as shown in Figure 5.1 for the anomerization of the n-glucopyrano-
ses, is (1-4) the generally accepted one.' However, when a crystalline a-- 
'For more detailed mechanistic discussions, see refs. 3 and 4. 	- 
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a-O-Gtucopyranose 	 A!debydo-o-tucose 	 p -D-G(ucopyranose 
Figure 5.1 The anomcrizatior, of the D-glucopyranoses. 
pyranose is dissolved in a solvent, it may not only anomerize to the 13-
pyranose but may also isomerize to the furanose or septanose 2 anomers by 
virtue of the constitutional isomerisms summarized in Figure 5.2. This 
a-Furanose 	 0-Septanose 
.4ldehydo 
a-Pyranose 	 or 	 -Pyranose 
keto form 
-Septanose 	 -Furanose 
Figure 5.2 Constitutional isomerism among the aldohexosés and the ketoheptoses. 
type of constitutional isomerization between different ring sizes of cyclic 
hemiacetals may be referred to as laclol ring isomerization. 
When equilibrium has been established in solution by lactol ring iso-
merization and by anomerization, the proportions of the various constitu-
tional and configurational isomers will be determined by their relative free 
energies. It will be recalled from Chapter 3 that, for monocyclic aldoses 
dissolved in water, the populations of the aldehydo forms and of septanose 
anomers at equilibrium are both very small—probably much less than 1%—
and are not detectable (5) by 'H nuclear magnetic resonance spectroscopy 
in deutcriurn oxide. However, in the case of some aldoses, furanose anomers 
In the case of the aldopentoses and ketohexoses, the septsnose anomers do not come 
into play. 
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may contribute significantly (up to 30-40%) to the compositions in 
aqueous 5O1U6015 at equilibrium. 
Recently, it has been possible by 'H nuclear magnetic resonance spec-
troscopy (5-9) to obtain information about the equilibrium compositions of 
aqueous solutions of all the aldohexoses and aldopentoses. From the results, 
which are summarized in Table 5.1, it may be seen that the aldoses with 
Table 5.1 The Compositions of Aqueous Solutions of the 
Aldohexoses and Aidopentoses at Equilibrium, as Determined by 
'H Nuclear Magnetic Resonance Spectroscopy (5-9) 
Furanose 	 Pyranose 
• Aldo.sc 	 a,.% 	, % , % ft' % 
n-Allose 	 5 	. 	7 18 70 
D-Alt rose 20 13 27 40 
n-Galactose 	.__Tracea___, 36 64 
n-Glucose ... 	 ... 36 64 
n-Gt,losc 	 4 	 22 78 
-Idose .. 	16 16 31 37 
n.Mannose 	... 	 ... 68 32 
1)-Talose 20 11 40 29 
D-Arabinose 	 3 	' 63 34 
n-Lyxose ... 	 ... 72 28 
n-Ribose 	 6 18 20 56 
n-Xylose ... 	S 37 63 
See refs. Sand 9. 
The honomorphous nglycero-D-guloheptose contains (5) furanose anomers (2%), 
a-pyraflose (10 01o), and $-pyranose (SS%). 
the lowest relative free energies as their pyranoses (see Table 3.9 in Section 
3.2.4) contain very small amounts of furanoses. Thus, no furanose anomers 
have been detected in the 'H nuclear magnetic resonance spectra of glucose, 
mannose, lyxose, and xylose after equilibration in deuterium oxide. This 
means that the positions of the pyranosc-furanose equilibria shown in 
Figure 5.3 lie almost completely in favor of thepyranose anomcrs. Hence, 
when a crystalline a-pyranose or $-pyranose anorner of one of the aldoses 
in Figure 5.3 is dissolved in water, anomerization occurs and ultimately an 
• equilibrium is established between the two pyranose anomers. The change 
in optical rotation which accompanies this anomerization obeys the rate 
H 
H0cH2OH 
HO 	CH2OH OH \ 
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99 1A 	 o-Xylose 
H 
HJOH  OH 
HO 	CH2011 .0H\
HO   





. HL2O H.OH 	
CH 
fl 	- 




Fire 5.3 The pyranosfuranos8 equilibria for glucose, xy1ose, maose, and 
HO 	 o-Lyxose . 
D-Iyxose. Furanose rings are represented in I E or Ea conformations, although, of course, 
other conformations are undoubtedly involved. 
• 	 . 	
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law for a first-order reversible reaction and is often called (cf. refs. 3, 4, and 
5) a simple mula rotation. 
The other aldoses, that is, allose, altrose, galactose, gulose, idose, talose, 
arabinose, and ribose, for which the pyranose-furanose equilibria are 
shown in Figure 5.4, all contain sufficient of the furanose anomers (Table 
5.1) in aqueous solution at equilibrium for them to be detectable by 1 H 
nuclear magnetic resonance spectroscopy (5-9) in deuterium oxide. These 
aldoses have high relative free energies as their pyranoses (see Table 3.9 
in Section 3.2.4), and freshly prepared aqueous solutions exhibit the 
phenomenon known as (cf. refs. 3, 4, and 5) complex mutarotation. This is 
characterized by an initial fast mutarotation associated with pyranose-
furanose isomcrization and subsequently by a slow mutarotation which 
may be attributed to pyranose anomerization. The fast and the slow 
components need not necessarily be in the same direction, and consequently 
aqueous solutions of some aldoses, such as ribose, which exhibit complex 
• 	 mutarotation, show reversals in the directions of mutarotation before 
• their optical rotatory powers attain constant values. 
• 	 Although the relative stabilities of the pyranoses would appear to be 
the determining factor in deciding the compositions of aqueous solutions 
of aldoses at equilibrium, it cannot be denied that the relative stabilities 
of the furanoses may also play a minor role. As yet, it has not been possible 
to calculate the relative free energies of the variousfuranoses in Figures 
5.3 and 5.4. Nonetheless, a qualitative estimate of their relative stabilities 
may be derived by assuming that cis interactions between neighboring 
substituents on furanose rings will have a destabilizing influence (5). The 
number and the nature of the 1,2-cis interactions may be classified in 
terms of the four groups of homomorphous furanoses (see Figure 2.24). 
If cis interactions between Oj and 02 are ignored, for they may be relieved 
by anomerization, the number and nature of the 1,2-cis interactions in the 
homomorphous furanoses are as tabulated in Table 5.2. 
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Figure 5.4 The pyranose-furanose equilibria for D-galactose, D-gulose, n-arabinose, 
D-allose, D-ribose, ri-talose, n-idose, and n-alt.rose. Furariose rings are represented in 
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Figure 5.4 (continued) 
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Table 5.2 The Number and the Nature of the 1,2-cis Interac-
tions in the Four Groups of Hoinonzorphous Furanosos 
Number of 1,2-cis 	Nature of 1,2-cis 
Aldose 	 Interactions Interactions - 
Gulose 
Maruiose 2 02/03; 03/C5 
Lyxose 
Glucose 
Idose 1 03/.C5 
Xylose 
Allose 





That is, all lran.s. 
of furanose anomêrs at equilibrium in aqueous solution, it would appear that 
a cis interaction between 03 and C'5 is particularly unfavorable. 3 The cis 
interaction between 02 and 03 is probably not so unfavorable, as indicated 
by the fact (5) that no furanose anomers were detected at equilibrium in 
the 'H nuclear magnetic resonance spectrum of 2-deoxy-D-arabinohexose 
(2) in deuterium oxide. Hence, of all the aldohexoses and aldopentoses 
which have an 0 3/C 5 cis interaction in their furanose rings (i.e., gulose, 





This situation should be compared with that of 1)-glucose, which does not give rise to 
any significant proportions of furanose anosners at equilibrium in aqueous solution. 
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mannose, lyxose, glucose, idose, and xylose), only idose contains appreci- 
able amounts, and gulose small amounts, of furanose anômers. However, 
the pyranose anomers of idose and gitlose are relatively unstable, and this 
undoubtedly explains the presence of furanose anomers in their aqueous 
solutions at equilibrium. The pyranose anomers of allose, talose, and 
ribose are not particularly stable either, and so even with an 02/03 cis 
interaction in their furanose rings, it is not surprising to find appreciable 
amounts of furanose anomers in their aqueous solutions at equilibrium. 
It might be expected that, at equilibrium, aqueous solutions of altrose, 
galactose, and arabi nose, each with an all-trans arraligeinent of neighboring 
substituent5 on .their furanose rings, would contain large amounts of 
fur:,i,ose anonwrs. Indeed, altrose contains 33% of furanose anomers at 
equilibrium in aqueous solution, the relative stabilities of the furanose 
anomers undoubtedly combining with the relative instabilities of the 
pyranose anomers to give the highest proportion of furano.se anomers 
among all of the aldohexoses and aldopentoscs. However, unlike the 
pyranose anomers of altrose, those of galactost and arabinose are relatively 
stable, and consequently the proportions of furanose anomers in their 
• aqueous solutions at equilibrium are small, although they. are detectable 
by 'H nuclear magnetic resonance spectroscopy in deuterium oxide. 
The positions of pyranose-furanose equilibria can be markedly altered 
by changes in temperature or in the solvent. When arabinose, galactose, or 
altrose is dissolved in diniethyl sulfoxide (9, 10), dirnethiylforniarnjde (11), 
or pyridine (12, 13), substantial proportions of furanose anomers are found 
to be present at equilibrium. Thus, it has been shown (9) by 'H nuclear. 
magnetic resonance spectroscopy in dirnethyl sulfoxide-d 6  that an arabinose 
solution contains 33% (cf. 3% in water), a galactose solution 15% (cf. a 
trace in water), and an altrose solution 44 0/70 (cf. 33% in water) of furanose 
anolners at equilibrium. These changes can be explained if it is assumed 
(cf. ref. 14) that solvents (S) such as dimethyl sulfoxide, which are excel-
lent proton acceptors, cause polarizations of 0-11 bonds in a manner 
(R-04---H4.--S) that increases the negative charges on the oxygen atoms 
involved in hydrogen bonding with the solvent. Thus, through increased 
coulombic repulsions between lone pairs associated with oxygen atoms 
in 1,2-gauche relationships on the pyranose rings, a proton-accepting 
solvent has the effect of destabilizing the pyranose anorners. In con-
trast, the corresponding furanose anomers with oxygen atoms in mainly 
1,2-trans relationships, are not destabilized to any great extent. Although 
water is also an excellent proton-accepting solvent, it is possible that 
repulsions between lone pairs on oxygen atoms are not as great as in di-
methyl sulfoxide, because of the fact that water, unlike dimethyj sulf- 
r 
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oxide, imiy also donate protons to oxygen atoms to form hydrogen 
bonds. Moreover, when water solvates a sugar molecule, the structure of 
the water suffers very little disorientation when, and only when, a PYranose 
chair conformer occur.-, (9, 10, 15). Hence, water tends to stabilize i)yranose 
anonwrs in a manner that is not possible for (limetItyl sulfoxide. That, for 
a particular sugar, the proportion of furanose anomers in dimethylform-
amide is also greater than that in water is shown (11, 16) by the results of 
methylations carried out in dirnethylformamide as solvent. For example, 
when 3-0-fi-L-arabinopvranosvl-L-arabiflose (3) is methylated with methyl 
HO 	 Elio 	 OH 




H0 _QçI110 OH 
NO 	OH 
iodide and silver oxide in diinethylformamide,the products obtained after 
hydrolysis of the 0-methyl derivative inèlude (16) appreciable amounts of 
2,5-di-0-methlyl-L-arabinose, indicating' that the reducing arabinose 
residue exists partially a.s its furanose anomers at equilibrium in dimethyl-
formamide. It has also been shown (12) that trimethylsilvlation of galac-
tose, previously equilibrated, in refluxing dry pyridine, with hexamethyl-
disilazane and trimethvlchlorosilane yields appreciable amounts of fur- 
Such conclusions are jusified only if the rate of mixing of the reactants, and the rate of 
product formation, are both very fast compared wi:h the rates of lactol ring isomeriza-
(ion. If this qualification does not hold, the Curtiri-Ilanimett principle (17, 18) will 
begin to operate and, in the limit where the principle is obeyed, the ratio of the products 
will be characteristic of the relative free energy levels of the transition states and in-
dependent of the relative free energy levels of the pyranose and furanose anomers. In 
actuality, the reaction rates for methylation and trimcthylsilvlat.ion are probably both 
much faster than the rates of lactol ring isomerization, arid so, to a first approximation, 
product ratios may be assumed to reflect the pyranose/furanose ratios in the reaction 
solvents at equilibrium. 
- 	- .- 	 - 
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anoid derivatives, indicating 4  that galactose exists to some extent as its 
furanose anomers at equilibrium in pyridine. 5 
The introduction of substituents may also have a profound effect on the 
pyranose/furanose ratio. As shown in Table 5.3, the 2,3-dimethyl ethers of 
Table 5.3 The Pyranose/Furanose Ratios, Expressed as Per-
centage Furanose Forms for D-ArabiflOSe, D-Galactose, and D-
Altrose, and Their 2,3-Di-O-Methyl Derivatives in Deuterium 
Oxide and in Dimethyl Sulfoxide-d6 (9) 
Aldo.se 	. 	Deuterium Oxide Dimethyl Sulfoxidc-d6 
n-Arabinose 3 33 
2,3Di-O-methyl-D-arabiUOSe 17 65 
D-Galactose 	 . Trace Ca. 15 
2,3_Di0mcthyl-D-galaCtOSe 10 38 
r-Altrose 	 . 33 . 	44 
2,3_Di-0-methyl-D-altTOSe 45 ca. .80 
arabinose, galactose, and altrose show (9) an even greater tendency than 
the unsubstituted sugars to isomerize to the furanose anomers in' both 
water and dime.thyl sulfoxide. There is little doubt that the electron-rich 
oxygen atoms associated with the methyl ether groupings of the dimethyl 
ethers will experience larger repulsive interactions (cf. ref. 14) than those 
associated with the oxygen atoms of hydroxyl groups on the unsubstituted 
sugars. 'l'liesc stronger repulsive interactions will increase the magnitude of 
the 1,2-gauche interactions on the pyranose rings, and consequently the 
pyranose anomers of the 2,3-dimethyl ethers will be destabilized relative 
to the pyrariose anomers of the unsubstituted sugars. This argument 
provides a possible explanation for the differences in composition of the 
2,3-dinethyl ethers and the unsubstituted sugars in dimethyl sulfoxide. 
In water, the tendency to form furanose aitomers is not so great, and this 
probably finds some explanation, at least, in the ability of water to 
stabilize (9, 10, 15) pyranose anomers preferentially. 
Furanose anomers are often stabilized (19-23) when other rings are 
fused to aldoses. Thus, 6_deoxy2,3_0-isopropylidene-L-maflnOSe (4) has 
Very recently, it has been demonstrated [S. J. Angyal and K. D. Davies, Private 
Communicat ion] by 'II nuclear magnetic resonance spectroscopy that pyranoses with the 
axial-equatorial-axial sequence of hydroxyl groups, and furanoses with three cis hydroxyl 
group, form complexes with metal ions in aqueous solutions which are strong enough to 
affect the positions of configurtiona1 and conformational equilibria. 
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been shown (20, 23) to contain 65% of furanose anomers at equilibrium 
in aqueous solution. In the case of D-mannose 2;3-carbonate (5) (10, 20) 
CH2OH 
0 	 HOC H2! 	
0 
HO'IItOH 	 H 
OH 
H1811 	 I.H Hsi' 	116 H 
0s\11/•0 
99I• 
and 3,6-anhydro-D-glucose (6) (5), the equilibria are displaced, albeit 
entirely in favor of the furanose anomers. These observations indicate that 
in the cis-fused forms of the dioxabicyclooctane ring systems, the [3.3.0] 
system is more stable (cf. ref. 24) than either the [4.3.0] system (see 4 or 5) 









possible in all situations. Thus, 3,6-anhydro2_deoxy_D_galactOse (7) (25) 
may exist to some extent in aqueous solution at equilibrium in the ald.ehydo 
- 	 p 
- 











HO 	 H 
.5 
H 	H 
(7) 	 S 
form, 6 since the trans-fused [3.3.0] ring system derived from 7 for the 
potential furanose anomers is sterically impossible. 
5.3. Glycoside Ring Isomerizofion 
• In the presence of an acid catalyst, aldoses and ketoses will react (see 
Section 2.10) with alcohols to form glycosides. Although, initially, aldo-
hexoses and aldopentoses form furanosides preferentially under kinetic 
control, at equilibrium the thermodynamically more. stable pyranosides 
predominate. Under conditions which permit equilibrium control, the 
proportions of a- to -pyranosides are determined by their relative free 
energies. The percentages of methyl a-pyranosides formed by some of the 
aldohexoses and aldopentoses which contain only trace amounts of furano-
sides in acidic methanol at equilibrium (27, 28) are listed in Table 5.4, 
together with the percentages of the corresponding a-pyraioses present in 
aqueous solution at equilibrium. 
From a comparison of these values, it is evident immediately that the 
equilibria in the case of the pyranosides have been shifted in favor of the 
a-anomers. It may be predicted from the conclusions drawn in Section 
3.2.2 that the greater preference for the a-pyranosides is chiefly a result of 
the anomeric effect of a methoxyl group being somewhat larger than that of 
a hydroxyl group in water. Interaction energies of 0.45 and 0.35 kcal 
This anhydro sugar gives a positive Schiff test., that is, it restores a pink coloration to an 
aqueous solution of rosanilitic hydrochloride saturated with sulfur dioxide, indicating 
that it has the properties of an aldehyde. This does nott, necessarily mean that the aide-
hydo form is present in high concentration at equilibrium; the Curtin-T.arnmctt principle 
may be operating. For example, 3,6-anhydro-n-glucosc gives a positive Schiff test (26), 
but shows (5) only signals for the furanose anomers in its 'H nuclear magnetic resonance 
spectrum, that is, the concentration of the aldehydo form is too low to be detected by 'H 
nuclear magnetic resonance spectroscopy. 
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mole- have been used for (0 6 :H) and (01:02), respectively (see Table 
3.1 in Section 3.2.2), to calculate approximate values' for (0 :OCH 3), which 
are recorded in Table 5.4. The relatively large anomeric effect associated 
Table 5.4 A Comparison of the Anomeric Effect of a Hydroxyl 
Group in Water (O.OH) and a Methoxyl Group in Methanol 
(O:CH3) 
(0:OH), 	(0:OCH3), 
Pvranosc or Pyranoside 	a, % 	kcal mole' kcal mole' 
D-Glueopvranose 	 36 	 0.55 
Methyl D-glucopvranoside 	676 ... 	 1.31 
n-Xylopyranose 	 37a 	 9.55 
• 	 Methyl D-xvlopvranoside 	696 .• . 	 1.37 
D-\Iannopvranose 	 680 	1.00 
Methyl n-niannopvranoside 	946 •.• 	 2.15 
See Table 3.9 in Section 3.2.4. 
6 Value.,  from refs. 27 and 28, expressed as a percentage of the pyranosides, and 
not as a percentage of all glycosides. 
With the methyl D-mannopvranosides no doubt has the same explanation 
as that discussed in Section 3.2.2 for the relatively large anomeric effect 
associated with tile D-mannopvranoses. The following rules may be applied 
when assessing the magnitude of the anomeric effect of a methoxyl group 
in methanol: 
I. When the anomeric methoxvl group and the C 2 hydroxyl (or methoxyl) 
group are both equatorial, the conformer is destabilized by 1.4 kcal mole -'. 
2. When the anomeric methoxvl group is equatorial and tile C 2 hydroxyl 
(or methoxvi) group is axial. the Conformer is destabilized by 2.2 kcal 
mole-'. 
It is significant that in ether or chloroform solutions in the presence of 
• 	 traces of acid, methyl :3 ,G-anilydro-2,4-di-O_rnethyl_a_o_gaiactop .ranoside 
(8) undergoes uIomerization (29) almost entirely to the $-anomer (9). 
• 	 Although the suggestion (30) that the $-anomer (9) assumes a B,, 4 con- 
These values are only approximate, since the interaction energies used for (0:H) and 
(0,:0:) were determined in aqueous solution and may not apply. directly in methanol. 











70/. 	 30•/. 
(10)  
formation as shown in Figure 5.5 seems to have gained some acceptance 
(31, 32), a boat conformation would appear to be improbable (cf. ref. 33) 
since it would be about 6 kcal mole less stable than its chair conformer 
(9) on steric grounds, in addition to having to accommodate a strongly 
destabilizing anomeric effect. The 'C4 conformer of the a-anomer (8) is also 
destabilized by a large anomeric effect (2.2 ken! mole'). However, it may 
be relieved by anomerization to the -anomer (9), which probably exists as 
its 'C4 conformer, albeit slightly distorted by the 3,6-anhydro ring. Such a 
H 
Figure 5.5 The B14 conformation of the pyranoid ring of 
methyl 3,6-anhydro-2,4-di-O-rnèthyl-$-i-ga1actopyranoside 
H 0CM3 (9) 
distortion probably reduces the magnitude of the steric interaction between 
the axial methoxyl group on the anomeric carbon atom and the anhydro 
bridge. 
It is noteworthy that, in contrast with the situation in methyl 3,6-
anhydro-2,4-di-0-methyl-D-galactopyranoside, the a-anomer (10) of the 
2-deoxy derivative predominates over the $-anomer (11) when it is equili- 
H 02 : 0 
- 
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brated in acidic ether solution. Presumably the explanation for this obser-
vation is the smaller ruiomeric effect destabilizing the a-anon (10) when 
there is no axial methioxyl group on C 2 . This point is amplified by the fol-
lowing observations. The proportions of the anomeric glycosides of methyl 
3,6-anhydro-2,4-di-0-methyl-D-glucopyranoside at equilibrium in acidic 
ether solution may be deduced (25) from specific rotation data (26) to be 
32% of the a-anomer (12) and 68% of the 13-anomer (13). In the 2-deoxy de- 
OCH3 
OCH3
HCO 	 HCO 
	
32/. 	 68'!. 
(12) 	 (13) 
rivative, the equilibrium mixture contains (25) 55% of the a-anomer (14) 
and 45% of the fl-anomer  (15). If it is assumed that the magnitudes of 
the steric interactions associated -with the anhydro bridges are the same in 
both 13 and 15, the anomeric effect of the, methoxyl group in 14 must be 
smaller than that in 12 to account for the higher proportion of 14 at equili-
brium,' that is, the anomeric effect is smaller when there is no axial meth-
oxyl group on C 2 . 
51
OCH3 
H3CO 	 H3CO 
55/. 	 45'!. 
(14) (15) 
The compositions of some methyl glycoside mixtures have been deter-
mined (27, 2S) after equilibration in 1 0/0 methanolic hydrogen chloride at 
350; the results are recorded in Table 5.5. It is evident that, compared with 
• the behavior of the aldopyranoses in aqueous solutions, the stronger 
anomeric effect associated with a methoxyl group causes an iiicrease in the 
proportion of the anomer with an axial methoxyl group on the more stable 
conformer of a methyl pyranoside. Thus, as already pointed out in this 
'Differences of a similar nature were noted in Section 3.2.2 for the hexoses and the 2-
deoxyhexoses in water. 
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Table 5.5 Methyl Glycoside Compositions at E quilibriuma 
(27,28)-  
Furanoside 	 Pyranoside 
Aldose 	 ., % 	, % 	., % 	, % 
D-Galactose 6.2 	16.3 57.8 	19.7 
1)-Glucose 0.6 0.9 65.8 32.7 
D-Mannose 0.7 	0.0 93.0 	5.4 
D-A,abinose 21.5 6.8 24.5 47.2' 
2-0-Met.hyl-D-arabinose c 	66.7-----*  33.3 
3-0-Metliyl-n-arabinose 50.7 4_49.3 
2,3-Di-O-methyl-D-arabinose t_75.4 24.6 
D-Ly%ose 1.4 	0.0 88.3 	10.3 
D-Ribose 5.2 17.4 11.6 65.8 
-XyIose 1.9 	3.2 65.1 	29.8 
2-0-Mcthyl-D-xylose 12.8 87.2 
3-0-Methyl-D-xylose i- 	9.0 4--91.0 
2,3-Di-0-met.hyl-r-xylose - 16.4 83.6 
For aldoses (2 10/0) equilibrated in 1% methanolic hydrogen chloride at 35°. 
section, there is an increase in the proportions of the a-anomers in methyl-
pyranosides with the galacto, gluco, manno, lyxo, and zylo configurations 
which exist as 4C 1 (D) conformers, and in the proportion of the -anorner of 
methyl arabinopyraiioside which exists as the 'C 4 (D) conformer. Since 
both anomers or ribopyranose are conformationally mobile in aqueous 
solution, the change in the anomeric ratio on conversion into its methyl 
pyranôsides in methan6l is not so pronounced (5). 
When it is recalled from Section 5.2 that aqueous solutions of galactose 
and arabinose contain only very small amounts of furanose anomers at 
equilibrium, the fact that these two aldoses form significant proportions 
of methyl furanosides, that is, they exhibit glycoside ring isoinerization, is 
noteworthy. The propensity for methyl furnioside formation is strikingly 
2 reminiscent of the greater tendency for the ,3-dimethyl ethers of galactose 
and arabinose, than for the unsubstituted sugars, to isomerize to their fur-
anose anomers. Undoubtedly, methyl pyranosides are destabilized relative 
to their isomeric methyl furanosides because of increases in the magnitudes 
of the 1,2-gauche interactions associated with the anomeric metlioxyl 
groups on the pyranoid' rings. Destabilization of the pyranoid rings by 
strong 1,2-gauche interactions between methoxyl groups would also account 
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for the large amounts of nwtliyl flit niosides formed by the mono- and di-
methyl ethers of :trabiuose and -xi - lose (Table 5.5). It is also significant 
that. the 1wreentages of methyl, furanosides are much greater in the case 
of the :t :tbinofur: tosides than in the xvlofuranosides. However, it may 
be recalled from Table 5.2 that furanoid derivatives with the arabino con-
figuration may adopt an all-trans arrangement between neighboring sub-
stitut'nts. whereas those with the xyio configuration must accommodate a 
destabilizing 0 3 /C 5 cis interaction. l"ina!ly, it should be noted that among 
the methyl pentofuranosides, as would be predicted, the more stable 
anomer is the one with a trans disposition of substituent.s on C1 and C2, 
that, is. the a-anomers in the case of the arabino and lyxo configurations, 
and the -anomers in the ribo and xylo configurations. 
luranosides are also stabilized by cis fusion of five-membered rings in 
[3.3.0] systems. Thus, oiie of the major products obtained (34) on reaction 
• of a mixture of methyl D-ribopyranosides with acetone and an acid catalyst 
Js a mixture of methyl 2,3-0-isopropvlidene-D-rjbofuranosjdes, as shown 
in Figure 5.6. The reaction presumably proceeds via the methyl 2,3-0- 
ON H. OCH 
NO u 	3 	CH3COCH3 
M- OCK3 	 H 
HO 	 OH 	J 
CH3O.H/ I "o 
-. ikç 
O 	H3 
MOH 2C H 
Figure 5.6 The formation of the methyl 2,3-0-isopropylidene-.ribofuranosides on 
acid-catalyzed acetoitatioii of the methyl D-ribopyranosides. Although the pyranoid 
ring of the intermediate is represented as a boat conformation, this is not the stable 
conformation. 
• 	 isopropylidene-u-rihopvranosides; as indicated by the fact that they are 
minor products of the acetalation. A more striking example of the isomer- 
• 	 ization of pvrnnosides to furanosides with cis-fused [3.3.0] systems is 
• given in Figure 5.7. Both anomers of methyl 3,6-uihiydro-n-glucopyrano- 
side isonwrize (26) in ether solution in the l)CSC1ICC of trace amounts of 
acid to the corresponding furanosides with retention of the anonieric 
configurations. When cis-fused [3.3.0] ring systems are excluded as possi- 
Kinetic control probably operates during glycoside ring isomerization to ensure 
retention of configuration. It is possible that both anomers exist at equilibrium and that 
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0 0CM3 
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Figure 5.7 Acid-catalyzed isomerization of the a- and $-anomers of methyl 3,6-
anhydro-D-glucopyranoside to the corresponding a and $-anomers of the furanosides. 
Although the pyranoid rings of the intermediates are represented as boat conformations, 
this is not the stable conformation. 
bilities, dimethyl acetals are often found (25, 26) to be more stable than 
methyl pyranosides. Thus, 3,6-anhydro-n-galactose forms (29) a dimethyl 
acetal (16) on refluxing with methanolic hydrogen chloride. 
(16) 
5.4 Lactone Ring Formation 
In aqueous solution, 7-hydroxybutyrc acid (17) and S-hydroxyvaleric 
- acid (19) exist (cf.ref. 31) in equilibrium with their respective lactones, 
namely, 7-butyrolactone (18) and ö-valerolact.one (20). As is shown in 
Figure 5.S, the position of the equilibrium (acid = lactone + water) at 
25° favors the y-lactone appreciably more than the ö-lacthne. It is a well-
established fact (35) that a sp 3 hybridized carbon atom is incorporated 
178 Zsonwrism 
0 	 Gidy(actone 
=-0.58kcatmole 1 




H 	 + H
20 
H 72.8 (mole)/. 
(18) 
A6 idd -5tact one 
cc








(19) 	 (20) 
Figure 5.8 The lactonization of 7-hydroxybutyric acid (17) and ô-hydroxyyalerjc acid 
(19) at 25°. 
into a five-membered ring much more readily than into a six-membered 
ring. In the case of 7butyrolaCtOio (18), the carbonyl group is approxi-
mately staggered between the neighboring C-H bonds and between the 
neighboring lone pair orbitals on the oxygen atom, whereas in the chair 
conformer of ö-valerolactone (20) it is eclipsed with a neighboring C-H 
bond and with one of the neighboring lone pair orbitals. Accordingly, 
ö-lactones should be destabilized by both steric and electronic interactions 
relative to 1-lactones, and so it is not surprising that lactonizatjon occurs 
more readily for y-hydroxybutyric acid (17) than for ö-hydroxyvaleric 
acid (19). The difference of about 2 kcal mole - ' between 
7—IA0Ofl and Gtd ö—Ictone in Figure 5.8 may be considered as an estimate of the 
relative stabilities of y-butyrolactone (18) and S-valerolactonb (20). 
In view of this situation it is not surprising to find that aldonic acids 
10 Although 7-butyrolactone (18) is shown to be in one particular envelope conformation 
in Figure 5.8, it must be considered to be undergoing pseudorotation in the liquid state. 
-- 	 - .---.- - -. - -- -. - 
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usually form 7-lactones much more readily than they form ö-lactones. 
However, in the lactonization of aldonic acids, differences in notibonded 
interactions in the acyclic acids and in their lactones will also affect the 
positions of equilibria. This is illustrated in Figure 5.9 with some partially 
methylated aldonic acids, for which the degrees of ö-lactonization have 
been determined (36) at 180.11  In the case of 0-methyl derivatives with the 
arabino, galaclo, and munno configurations, the acyclic aldonic acids have 
no syn-axial interactions in their planar zigzag conformers and so must be 
relatively stable. 12  Figure 5.9 shows that in fact the acyclic aldonic acids 
predominate considerably over their ö-laetones at equilibrium. Of these 
three ö-lactones, the comparatively higher proportion of 2,3,4,6-tetra-0-
methyl-n-mannonolacto,ic is probably a result of its having an axial C2 
mcthoxyl group, thus allowing the eclipsing interaction of the C 2-0 bond' 
with the carbonyl group experienced in the other two lactones to be relieved 
(cf. ref. 39 and also the relatively lower proportion of the C 2 epimeric 2,3,4, 
6-tetra-0-mcthyl-D-gluconolactone in equilibrium with its hydroxy acid). 
The 0-methyl derivatives of the acyclic aldonic acids with the zylo and 
gluco configurations have one syn-axial interaction in their planar zigzag 
conformers, whereas the chair conformers of their ö-lactones carry only 
equatorial substituents. It might be predicted that the ö-lactones will 
not be too unfavorable, an this is indeed the case (Figure 5.9), especially 
with 233,4-tri-0-methyl-D-xylonolacthne. 
The degrees of y-lactonization of the corresponding partially methylated 
aldonic acids have also been determined (36) at 18°. Figure 5.10 shows that 
11 Although the -lactones in Figure 5.9 have been drawn as chair conformers, their 
actual conformers are probably somewhat distorted in order to relieve the ecliping 
interaction of the carbonyl group with the equatorial bond on C 2. Indeed, it has been 
shown recently (37) by X-ray crystallography that the conformation of 1,5-o-glucorto-
lactone is a distorted chair (A)—not a half-chair, as claimed by the authors—in the 
solid state. H 
- 
	~H =0 - 
0 	 OH 
(A) 
"The relative instability of 2,3,4-tri-0-methyl-t.-arabinonotactone is well illustrated by 
its facile conversion in an atmosphere of hydrogen chloride to a cyclic polyester (38), 
wherein the proposed macrocyclic ring contains ten 213,4-tri-0-methyl-L-arabinonic 
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Figure 5.9 The degrees of ö-lactonization at 180 of the partially methylated aldonie 
acids with the D-arabino, o-galacio, D-rnanno, D-rylo, and D-gluco configurations. 
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Figure 5.9 (continued) 
in the case of the 7-lactones 13  the extents of lactonization are greater than 
for the corresponding ö-Iactones. If it is assumed that the free energy 
change on formation of y- and -lactones from 4-hyciroxy and 5-hydroxy 
aldonic acids with identical configurations is the same,' 4 then the differ-
ences between the free energy changes on lactonization, that is,  
indicate the relative stabilities of the y- and ô-lactones. From Table 5.6 it 
• "Envelope conformations have been selected for diagrammatic representation of the 
7-lactones in Figure 5.10, although it is recognized that they are almost certainly under-
going pseudorotation in aqueous solution. However, there is some precedent for - 
lactones assuming envelope conformations in the solid state. Thus, 1,4-D-galactonolac-
tone has been shown (40) by crystal structure analysis to exist in the E, conformation. 14 In the formation of lactones from substituted cis3hydroxycyc1ohcxariecarboxyljc 
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Figure 5.10 The degrees of y-lactonization at 18° of the partially methylated aidonic 
acids with the ri-arabino, r-galacfo, D- manno, n-xylo, and D-ghLco configurations. 
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Figure 5.10 (continued) 
+ H20 
is evident that, apart from the lactones with the xylo configuration, the 
'y-lactones are more stable than their configurationally related -lactones. 
Table 5.6 The Difference between the Free Energies of Lacton-
ization, 	(kcal mole'-'), of Some -,-Lactones and - 
1-ia clones - 
Lactone Gc;d_.,_Iactoue Gcid_.ö_Iactone 
Tri-O-methylarabinono- 0.02 3.41 3.39 
Tetra-O-methylgalactono- —0.55 1.23 1.78 
Tetra-O-rnethylmannono- —1.21 0.44 1.65 
Tetra-O-methylglucono.. 0.65 0.74 0.09 
Tri-O-methylxylono- 0.27 0.08 —0.19 
OCH3 
H -LcooH  






























H 	 HO 
(27) 	 (p8) 
Figure 5.11 The attempted ö-lact onization of some 3,6-anhydro-2,4-di-O-methyl-D-
hexonic acids and a 2-deoxy derivative. 
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It is significant that attempts to lactonize the 3,6-anhvdro-2,4-di-0-
rncthyl-D-hcXOnic acids with the gluco (21) (26), manno (23) (25), and 
galacto (25) (29) configurations shown in Figure 5.11 have not met with 
much success. Only in the case of 3,6-anhydro-2,4-di-0-methyl-D-galactonic 
acid (25) was any htctonization achieved (20), and this occurred only under 
the forcing conditions of heating the acid above its melting point and 
distilling. In the derivatives with the gluco (21) and manno (23) configura-
tions, 'the ktctones would experience unfavorable interactions, namely, a 
syn-axial interaction between methoxyl groups on C2 and C 4 in D-gluCono-
lactone (22), and an unfavorable stone and electronic interaction between 
the C 2-0 bond and the carbonyl group, in addition to an axial methoxyl 
group on C4, in n-mannonolactone (24). Finally, it should be noted that, 
although 3,6-aniydro-2,4-di-0-methyl-u-galactonic acid (25) forms a lac-
tone (26), 3,6-anhydro-2-dcoxy-D-galactonic acid (27) does not lactonize 
to the 2-deoxy lactonc (28). At first sight this seems somewhat surprising. 
It would appear to suggest that the axial methoxyl group on C 2 of D-
galactonlactone (26) exerts a stabilizing influence, perhaps as a result of 
attractive electronic interactions involving the carbonyl group. However, 
it must be conceded that this suggestion is based on a minimum of experi-
mental evidence and that 3,6-anhydro-2-deoxy-D-galactonic aèid (27) may 
simply have undergone degradation before it had the opportunity to 
lactonize. 
It is noteworthy that some of the uronic acids also exist in aqueous solu-
tion in equilibrium with their -y-lactones inwhich two five-membered rings 
are cis-fused in a [3.3.01 system—a particularly stable arrangement (cf. 
Sections 5.2 and 5.3) which is possible only in uronic acids with the gluco, 
gulo, manno, and ido configurations. Thus, D-glucuronic acid and D-rflan-
nuronic acid are usually obtained (42, 43) in crystalline form as their re-
spective 6—'3 luctones (29 and 30).11 In aqueous solution, the equilibrium 
HO 
H 	 HO < 
0 	 H 
0 	 OH -.rI0 iy\,OH 
6H 	 OH 
(29) 	 (30) 
1 It is also of interest that i-glucosaccharic acid and D-mannosaccharic acid crystallize 
(44) as their 1-c4 - 6-3-dilactoncs. 
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(Figure 5.12) between D-giucopyranosyluronic acid (31) and D-glucofurano-
svlurono-6---3-1actone (32) is highly temperature dependent (45), with 
higher temperatures favoring the lactone, probably on account of a favor-








Figure £12 The-equilibrium between D-glucopyranosyluronic acid (31) and D-gluco-
furanosylurono-6--'34actone (32). 
5.5 Cyclic Acetal Formation 
5.5.1 Introduclion 
Cyclic and acyclic carbohydrate derivatives react readily with aldehydes 




prolonged reaction times, an equilibrium is eventually established in 
which the composition of the reaction mixture is determined by the relative 
free energies of the different cyclic acetals. From the stereochemical 
point of view, the equilibria are often complex. Thus, when an equilibrium 
exists between cyclic acetals of different ring sizes, acetal ring i.somerization 
has to be considered, often in conjunction with configurational and/or 
conformational isomcrizations. This point is illustrated in Figure 5.13 by 
the equilibrium which results on-acid-catalyzed condensation of glycerol 
with acetaldchyde. Condensation of the two primary hydroxyl groups of 
glycerol with acetaldehyde gives two diastereomeric cyclic acetals with 
1,3-dioxane ring systems. On the other hand, since the primary hydroxyl 
• groups of glycerol are enantiotopic, four steréoisomeric cyclic acetals with 
1,3-dioxolane ring systems are produced when acetaldehyde condenses with 
vicinal hydroxyl groups on glycerol. 
The first part of this section will be concerned with a short review of the 
configurational and conformational properties of some monocyclic acetals. 
In the light of this introduction, acetal ring isomerizations of the kind 
shoyn in Figure 5.13 will then be considered. In the last part of the section, 
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CH3 	 CH3 
Y Y 
OH 	 OH 
CH2OH 
CH3CHO + H—C—OH 
CH2OH 
H2O 	




CH3 	 1 	CH3 
- 
CH20H I HOH2C 
Figure 5.13 Acetal ring *  isomerization—the acid-catalyzed condensation of glycerol 
with acetaldehyde. 
the stereochemical properties of some bicyclic and tricyclic acetals formed 
by carbohydrate derivatives will be discussed. 
5.5.2 Monocyc!ic Acefa!s with 7,3-Dioxane Ring Systems 
There is good evidence (46-5S) believing that 1,3-dioxane (33) and most 
of its derivatives exist as chair conformers. However, chiefly because C-O 
bonds are about 10% shorter than C-C bonds, the chair conformer of 
1,3-dioxane is puckered in the 0 1—C 2--0 region and flattened in the 





(52, 54) of molecular models and has been substantiated experimentally 
by 'H nuclear magnetic resonance spectroscopy (54, 58, 59). Recently, 
an X-ray crystallographic investigation of 2-1)-chloroplicnyl-1,3-dioxanc 
has shown (GO) that, while the torsional CO—CO angle in the puckered 
region is 63°, the torsional OC—CC angle in the flattened region is 55°. 
As might be expected, the stereochemical properties of 1,3-dioxane de-
rivatives are often a direct consequence of these geometrical features. 
Acid-catalyzed equilibrations of some conformationally biased 2-, 4-, 
and 5-nwthyl-1,3-dioxanes (32-54, 56, 57) have yielded information about 
the orientational preferences of methyl groups on the three different posi-
tions of the 1,3-dioxane ring system. The conformational free energies of 
methyl groups on C 2 . C4, and C 5 of the 1,3-dioxane ring, which have been 
obtained in this manner, are shown in Table 5.7, and these values may be 
compared with the value of 1.70 kcal mole' (6U for the conformational 
free energy of a methyl group on the cyclohexane ring. 
Table 5.7 The Conformational Free Energies of Methyl Groups 
on C2, C4, and C5 of the 1,3-Dioxane Ring 
Position on the 
1.3-Dioxane Ring 	 kcal rnole' 	 Refs. 
C2 	 3.97 	. 	 57 
C 1 2.9 54,56,57 
(' 5 	 0.8 	 54,56,57 
When the geometry of the 1.3-dioxanc ring system is considered, it is not 
surprising that the conforniational free energy of a methyl group on C 2 
is as large as 3.97 kcal mole'. On the assumption of bond distances for 
('-C, ('-0. and C-H bonds of 1.537 11.417 A, and 1.096 A, respectively, 
and bond angles for C—C—C, C—O—C. and H—C—H angles of 111.5°, 
111.5°. and 109.5°, respectively, calculations have afforded (32) the in-
ternuclear distances between the nonbouded hydrogen atoms shown in 
Figure 5.14 for the chair conformers of 2-methyl-1,3-dioxanc and methyl- 
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tgA 	11H 	 2.29A H 
Z___0 Z 
Figure 5.14 Calculated internuclear distances between nonbonded hydrogen atoms in 
the chair conformers of 2-methyl-I ,3-dioxane and mct.hylcycloheXafle with axial methyl 
groups. 
cyclohexane with axial methyl groups. The crowding of the axial methyl 
group in.2_met.hyl-1,3-diOXafle is not only a consequence of the shortness 
of the 0-0 bonds as compared to the C-C bonds in methylcyclohexane, 
but also an outcome of the fact that the puckering in the 01-02-03 
region causes an axial substituent on 02 to "lean toward" the syn-axial 
hydrogen atoms on 04 and C6. Since an axial methyl group on C 4 
is involved 
in a "normal" interaction with the syn-axial hydrogen atom on 06, as-well 
as in a "severe" interaction with the syn-axial hydrogen atom on C2, its 
smaller conformational free energy of 2.9 kcal mole - ', compared with that 
of a methyl group on C 2, is to be expected.' 6  Finally, with a value of 0.8 
kcal mole-', the conformational free energy of a methyl group on C 5 
is 
substantially lower than that of a methyl group on cyclohexane. Presum-
ably the reason is that, whereas an axial methyl group on cyclohexane 
interacts with syn-axial hydrogen atoms, on a 1,3-dioxane ring an axial 
methyl group on CS may be considered to interact with axial lone pairs on 
the oxygen atoms. The "size" or "steric requirement" of a lone pair is a 
concept which is still the subject of much controversy (54-57, 62, 63). 
However, it seems to be agreed that syn-axial interactions involving axial 
lone pairs on oxygen atoms are considerably smaller than those involving 
axial hydrogen atoms on carbon atoms (cf. Section 3.2.2). 
The conformational preferences of methyl groups at different locations 
on the 1,3-dioxane ring have important consequences for the conformational 
stabilities of gcm-dimethyl 1,3-dioxaucs. It has been shown that 1,3-
dioxane (33) (50-52, 64, 65), 2,2dimethyl-1,3-dioXafle (34) (50), 4,4-
dimethyl-1,3-dioxanc (35) (51), and 5,5_dimethiy1-1,3-dioXalle (36) (50) 
36  An approximate estimate (cf. ref. 56) of the conformational free energy of a methyl 
group on C4 of a 1,3-dioxane ring may be obtained by summing one-half the conforma-
tional free energy of a methyl group on C, with one-half the conformational free energy 
of a methyl group on cyclohexane, that is, Y2(3.7)  + 3/z(1.70), which equals 2.84 kcal 
mole', and is in excellent agreement with the experimental value of 2.0 kcal mole'. 
V 
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all exhibit the expected coalescence of signals in their low-temperature 'H 
nuclear magnetic resonance spectra. From the free energies of activation 
for the ring inversions listed in Table 5.3, it is evident that the  AGt 
Table 5.8 The Free Energies of Activation AGT for 1,3-
Dioxane (33), 2,2-Dimet/iyl_1 ,3-dioxane (34), 4,4-Dimethyl-1,3-dioxane (35), and 5,5-Dimet/zyl-1,3..djoxan8 (36) 
Dioxane 	 AGT kcal mole' 
•CO 9.7 . 
CH3 
	








values for the 2,2- and 414-dimethyl_1,3_djoxanes are smaller than those 
for 1,3-dioxane itself and its 5,5-dimethyj derivative. These observations 
have been attributed (50, 52, 54) to ground-state compression by the axial 
methyl groups on C 2 and C 4 , which leads to a lowering of the barrier to 
interconversion. The fact that 2;2-dimethyl-1,3_dioxane (34) and 4,4-
diemt1iyl_1,3_dioxaje (35) exist as interconverting chair conformers has 
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be at least 3-4 kcal mole -' less stable than the chair conformer. This has 
been confirmed by thermochemical studies (66-GS). From the thermo-
dynamic parameters for the chair/twist-boat interconversions of cyclo-
hexane and 1,3-dioxane (33) presented in Table 5.9, it is interesting to 
Table 5.9 Chair/Twist-Boat Interconversions 
82. TB 	 G3_. TB 
	
Compound 	kcal mole' 	cal deg' mole-' 	kcal mole' 	Ref. 
Cyclohexane 	5.9 	 3.5 	 4.9 	63 
1,3-Dioxane 7.1 4.8 5.7 68 
note that H° is larger" for 1,3-dioxane than for cyclohexane. Chiefly 
on account of the large interaction (H°) of 8.9 kcal mole- ' (67, 68) 
between syn-axial methyl groups on the chair conformers of 2,2-trans-













Figure 5.15 The chair/twist.boat conformational equilibrium for 2,2-1rans-4,6-tretra-
methyl-1,3-dioxane. 
as the predominant conformer. Indeed, thermochemical data (67, 68) and 
'H nuclear magnetic resonance spectroscopic data (54, 57, 71) are con- 
sistent with this prediction. We shall see later in this section, when con- 
17 Although in 1,3-dioxane the torsional strain is likely (63) to be about the same as, or a 
little less than, that in cyclohexane [c.f. barriers of 2.7 kcal mole' for dimethyl ether (60) 
and 3.3 kcal mole- for propane (70)1, nonbonded interactions are probably much more 
severe in the more compact and distorted heterocyclic ring. 
0 
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sideritig the cotiforinational properties of some bicyclic acetals such as 
6-deoxv-1. :3.;-di-O-isopropvIidciie-6-iiitro-a-n-glucofuranose, that 2,2-
lrans-4,0-tetraiiwthvl-1 ,3-diox:tnc' is an important model compound. 
1liceiit.1y. it has been found (57) that the conformational free energy of 
• phenyl group on C 2 of the 1 ,3-clioxane ring is only 3.1 kcal mole' [cf. 
• - Gh value of 3.0 kcal mole' fora phenyl groUp on a CYCIOIICXaIIC ring 
((U)]. It is someviiat surprisilig to find that the conformational free energy 
of a phenyl group is less than that of a methylgroup. This has been con-
firmed, however, by the observation (57) that-in .2-phenyl-2,4,6-trirnethvl-
13-dioxane (Figure 5.16) the diastcreomer (37) with the axial phenyl and 
qu:torial methyl groups is much more stable than that (38) with the axial 
CM3 	o 	 CH3 	0. 
Ph 
Ph 	 CM3 
	
(37) 	 (38) 
Figure 5.16 Acid-catalyzed equilibration of .the two dia.tereomers (37 and 38) of 
2-pheny1-2,4,6-trirneihvl-1,3-dioxane (57). 
methyl and equatorial phenyl groups. Since the effect is independent of the 
nature of substituents on the phenyl ring (57), it would appear that elec-
tronic interactions are not responsible for this phenomenon. An explanation 
based on the analysis of coupling constant data in 'H nuclear magnetic 
resonance spectra and on the' results of dipole moment measurements has 
been given (57) in terms of the stabilization of a distorted chair conformer 
for axial -pitetiy 1 -1,3-dioxane, in which the axial phenyl group is directed 
away from the ring. 
Other factors may influence the conformational properties of 1,3-dioxane 
ring systems. An axial hydroxyl group on C 5 is suitably orientated (57, 72-
75) to become involved in hydrogen bonding with the ring oxygen atoms 
(cf. Section 4.4). As it result, in dilute carbon tetrachloride solution, 5-
hydroxy-1,3-dioxane, otherwise known as 1,3-0—methylene-glycerol (39 in 
Figure 5.17), exists to a large extent as the chair conformer with an axial 
hydroxyl group which may be hydrogen-bonded to either or both ring 
oxygen atoms. Although illustrated as the latter in Figure 5.17, it is not 
known (76) whether bifurcated hydrogen bonds are present in 5-hydroxy-
1,3-dioxane derivatives. However, it is significant that, as indicated by the 

















Figure 5.17 Intramolecular hydrogen bonding in 5-hydroxy-1,3-dioxane (39) and 
3-hydroxytetrahydropyran (40). 
relative magnitudes of the extinction coefficients e, the equilibrium is 
displaced much more toward the hydrogen-bonded conformer in 5-hydroxy- 
1,3-dioxane (39) than it is in 3-hydroxytetrahydropyran (40 in Figure 5.17). 
Table 5.10 shows some results obtained (57, 75) on equilibration of 2-
isopropyl-5-liydroxy-1,3-dioxane in three different solvents. The prefer-
ence for the syn isomer with the axial hydroxyl group is in accordance with 
the finding (76) that such isomers are stabilized by intramolecular hydrogen 
bonding. In a hydroxylic solvent, hydrogen bonding with the solvent 
stabilizes the anti isomer with the equatorial hydroxyl group and so de-
creases the preference for the syn isomer. Examples are also known in 
which the preference for an axial hydroxyl group on C 6 of a 1,3-dioxane 
ring system influences the course of reaction. Hence, in the acid-catalyzed 
condensation of benzaldehyde with n-arabinitol, 1 ,3-O-benzyli dene-D-
arabinitol (41) with an axial hydroxyl group available (76) for intramolecu-
lar hydrogen bonding to the oxygen atoms in the 1,3-dioxane ring was 
obtained" (77)in high yield in preference to 3,5-0-benzylidene-D-arabinitol 
18 The analogous 1,3-0-mcthylene-i-arabinitol has been obtained (78) on acid-catalyzed 
methylenation of iarabithtol. 
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Solvent 	 AGgo, kcal mole' 
Cyclohexane 	 +0.92 
Isopropyl alcohol 	 +0.51 





Ph 	 Ho 
Aph 
(41) 	 (42) 
(1,3-0-benzylidene-D_lyxjtol) (42) with an equatorial hydroxyl group. It 
is also significant that 1,3 : 4,6-di-Q-methyleiie-gajactjtol (43) with axial 
hydroxyl groups on C 5  of each of the 1,3-dioxane rings was obtained (79) 





5.5.3 Monocyclic Aceta/s with 7,3-Dioxolane Ring Systems 
There is some evidence (80-82) that 1,3-dioxolane (44 in Figure 5.18) 
and 2,2-dimethyl-1,3-djoxolane (45 in Figure 5.18) exist in puckered con- 
- 	 - - 







RCH3; 4 .41* 
Figure 5.18 The puckered conformations of 1,3-dioxolane (44) and 2,2-dimethyl-1,3-
dioxane (45). 
formations related to the envelope and twist conformations, wherein one 
atom and two atoms, respectively, are displaced from the plane of the 
other ring atoms. Although both 1,3-dioxolane (44) and its 2,2-dimethyl 
derivative (45) have been represented as twist conformations in Figure 5.18, 
this kind of representation is selected only for diagrammatic convenience. 
It is possible (58, 83, 84) that in some 1,3-dioxolane derivatives important 
minimum energy conformations lie somewhere between the envelope and 
the twist conformations. 
Although substituents on 1,3-dioxolane rings impose (85) restrictions on 
pseudorotational itineraries, a whole range of conformations of about the 
same energy exists for most 1,3-dioxolane derivatives, and the wide con-
formational oscillation that occurs in the liquid phase or in solution has 
been called (5S, 85) pseudolibration. The four C-methylene Protons at C 4 
and C 5  in 1,3-dioxolane (44) and in 2,2-dimethyl-1,3-dioxohtne (45) are 
isochronous, since in each case the two C-methylene groups are equivalent 
and each pair of C-methylene protons are enantiotopic. However, coupling 
constant data obtained (SO, Si) from satellites in their 'Fl nuclear magnetic 
resonance spectra caused by 13CH 2 groups, indicate 19  that the magnitude 
10  It should be mentioned that the calculation of specific torsional angles from coupling 
constants in five-membered rings has been criticized (S4) on the basis that pseudolibra-
tion leads to rather wide conformational oscillations and that consequently coupling 
constants should be integrated over the whole pseudorotational itinerary. 
4F 
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Of the torsional angle 0 shown in Figure 5.18 is 350  in 1,3-dioxolane (44) and 41 0 in 2, 2-dimcthyl_1,:_djo0h1 lie (45). Obviously, introduction of two rnithvl groups on C 2  of the 1,3-dioxolane ring causes an increase in the 
Puckering of the ring. This observation is in accordance with the Thorpe_ 
Ingold gem-dimethy effect (SO), which predicts an increase in the endo-
cyclic 01—C 2-03  angle when methyl groups replace the hydrogen atoms 
on C2 . 
When aldehydes or ketones condense with alditols in the presence of an 
acid catalyst to yield 1,3-dioxolane derivatives, the more stable rink has 
(24) the substituent groups (R 1 and R2  in Figure 5.19a) trans and involves 
	







H—C—OH 	 H 	
R11; 0 
+ HCHO 	
+ H20 H— C—OH 
I 	 R" R2 2 
Eryf/,ro 
Figure 5.19 Acid-catalyzed rnethylenatjon of alditols with (a) €hreo ad (b) eryihro Configura(ions. 
condensation with hydroxyl groups which have the threo configuration. 
Condensations involving hydroxyl groups with the eryl/.ro configuration 
form less stable I,3-dioxohtne derivatives where the substituent groups 
(11 k and R 2  in Figure 5.19b) are cis. This order of stability reflects the 
destabilization of the 1,3-dioxolane ring on account of nonbonded inter-
actions between cis-1,2 substituents (S7). Thus, it is not surprising to find 
that acid-catalyzed acetonatjoii of D-mannjtol with hydroxyl groups on 
C3 and C 4 in the lhreo configuration affords (SS) 1,2:3,4:5,3-trj-0-jso-
própylidene_D..mflflj0 (46). The situation becomes more complex when 
- 




aldehydes condense with alditols, since the possibility of obtaining dia-
stereomers arises. Thus, benzylidcnation of 1,6-di-O-benzoyl-galactitol 
with hydroxyl groups on C2 and C 3, and C4 and C 6, both in the threo 
configuration, has yielded (SO, 90) two of the three possible stereoisomcrs 
(47, 48, and 49) of 1,6-di-O-benzoyl-2,3 : 4,5-di-O-benzylidene-(DL)- galacti-
tol. The benzylidenc-methine protons, of one stereoisomer were aniso-
chronous (91), and hence it was assigned to the dl-modification (47), since 
each enantiomer has diastereotopic benzylidene-methine protons. The 
benzylidene-methine protons of the other stercoisomer were isochronous; 
therefore it was assigned (91) to one of the meso forms (48 or 49) with 







0 	H O>i 
11 R4 
PhCOH2C 
S RI CH; 	R2 =Ph: 	R3 :H; R4 Ph 
	
(47) 	01.-forms < o 	 L '': R2 - H: 	R3 =Ph; R4 H 
• 	. 	(48) 	 R1 Ph; R2 H; 	R 3 H; 	R4 :Ph 
(49) 	 R, =H; 	R2 Ph; 	R 3 =Ph; R4 00H 
In a recent investigation of the configurational stability of 2,4-cis-5-
trisubstituted 1,3-dioxolanes, it was shown (S4, 92) that the syn isomers 
are generally thermodynamically more stable than the anti isomers (cf. 
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H3C "CH3  H3 C 	CU3 
- 	 771. 23/. 
(50) 	 - (51) 
Figure 5.20 	Acid-catalyzed equilibration of the syn (50) and anti (51) diastereomors 
of 2,4-cis-5-t-rimet-hyl-1,3-dioxolane (84,92). 
ref. 93). Thus, the syn isomer (50) of 2,4-cis-5-trimethyl-1,3-dioxolane 
predominates (Figure 5.20) over the anti isomer (51) at equilibrium. This 
difference in stability of diastereomers has important consequences in 
- determining the product compositions (cf. ref. 94) of bicyclic and tricyciic 
acetals with cis-fused dioxolane rings (see Section 5.5.6). 
5.5.4 Monocyclic Acetals with 1,3-Dioxepane Ring Systems 
The conformational properties of 1,3-dioxepane (52) and its derivatives 
would be expected to be rather similar to those of cycloheptane (95) (cf. 
septanoid rings in Section 3.5). The fact that 1,6-di-O-benzoyl-2,5-0-
methylene-D-mannitol (53) with trans hydroxyl groups on C3 and C4 forms 
HO 	OH 
• - •. 	
. 	 fl 	• 	. 	 PhOH2C,, CH2 Ph - --: o 0  
(52) 	 - 	. 	 (53) 
-- 	a 3,4-0-benzylidene derivative (96-9S) and a 3,4-0-isopropylidcne deriva- 
tive (OS) indicates that the 1,3-dioxepane ring is flexible enough to ac- 
commodate torsional angles between projected trans C-O bonds of 41°, or 
• 
	
	 less, in order to form these derivatives. If it is accepted that 1,3-dioxepanes 
are flexible, their conformational properties may be examined as part of a 
• 	 chair/twist-chair pseudorotational itinerary (cf. Section 3.5). 
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Figure 5.21 Part of the chair/twist-chair pseudorotatjonal itinerary of 1,6-dideoxv-
2,50-methylenc.o..manto1 (54). 
Examination of the chair/twist-chair pseudorotatjonal itinerary (OS) of 
1,6-dideoxy-2,5_0mannitol (64) indicates (Figures 5.21) that three 
twist-chair conformers (TC1, TC2', and TC3) have both methyl groups and 
both hydroxyl groups equatorial. All other twist-chair conformers on the 
pseudorotatiotial itinerary have one or more of these groups axial. Of the 
three "all-equatorial" twist-chair conformers, one (TC1) has a C2 axis of 
symmetry and the other two (TC2' and TC3) are degenerate. The predic-
tion from conformational analysis that they are the predominant contribu-
tors to a conformational equilibrium is consistent with (OS) coupling con-
stant data obtained from the 'H nuclear magnetic resonance spectrum of 





(54) 	 (55) 
5.5.5 Acefal Ring Isomerizotion 
The acid-catalyzed isomerizatjon of five- and six-membered acetal rings 
may now be accounted for in terms of the conformational properties of these 
cyclic acetals. It is well known that aldehydes, including formaldehyde 
(99) and acetaldehyde (100), vil1 condense with glycerol to give approxi-
mate]',  equirnolar mixtures of 1,3-dioxane and 1,3-dioxolane derivatives at 
equilibrium, whereas in the condensation of acetone (101) with glycerol 
only the 1 ,3-dioxolane derivative is formed. 
On acid-catalyzed isomerizatjon of each of the pure dinstereomers of 
• 1,3-0-ethylidene.glvcerol and of 1 ,2-0-ethvlide1le-DL_g1vccro1 (cf. Figure 
5.13), identical ratios of products were obtained (102) at equilibrium. 
Values for G°, H°, and S° were calculated from the equilibrium con-
stants K between the 1,3-dioxanes and the 1,3-dioxolanes at various tem-
peratures. From the values recorded in Table 3.11 for these thermodynamic 
parameters, it is seen that the 1,3-dioxaries have a much lower entropy 
than the 1,3-dioxolanes. Thi's is not surprising, since the dioxolanes are 
more flexible as well as being dl-pairs. The large entropy difference means 
that the product composition is strongly temperature dependent. Thus, 
formation of dioxanes is less unfavorable at low temperatures, and use 
(102) of this fact has been made in preparing 1,3-0-isopropyljdene_glycerol 
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acid catalyst below 00  for several days. The high conformational free 
energy (3.97 kcal mole - ') of a methyl group on C 2 of the 1,3-dioxane ring 
explains (24, 35, 54, 102) why condensation of acetone with glycerol gives 
the 1,3-dioxolanes almost exclusively. 20  Since this interaction is absent in 
1,3-dioxane derivatives obtained on condensation of aldehydes with gly -
cerol, about equal amounts of five- and six-membered ring acetals are 
formed .21 
Table 5.11 Equilibrium Constants K and Thermodynamic 
Parameters for the 1 ,3-Dioxane/1 ,3-Dioxolane System (102) 
CH3 
àH7.O 	 CH3 
kcaLmot 
y 	 H2OH 
OH 
Temperature, °C 	K 	G°, cal mole -1 	&S0, cal deg mole- 
70 	 0.8913 	 77.7 	 20.2 
75 1.0015 9.86 20.1 
80 	 1.195 	—135 	 20.3 
106.5 2.371 —650 20.2 
Isomerization of a 1,3-dioxane ring to a 1,3-dioxolane ring occurs readily 
if a cis-fused [3.3.0] ring system (cf. Sections 5.2, 5.3, and 5.4) can be adopted 
103-105). Thus, it has been shown (105) that, on treatment with p-toluene 
sulfonic acid in N,N-diinethylformam ide, 2,4-0-benzylidene-n-ervth rose 
(57) isomerizes (Figure 5.22) to 2,3-0-benzvlideneD-grythrose, which in 
turn undergoes liemiacetal formation to give the furanose derivatives. 
As shown in Figure 5.22, the isomerization occurs by a mechanism (cf. ref. 
104) which gives the diastereomer (58) with the phenyl group endo under 
kinetic control. Subsequently, acid-catalyzed equilibration yields some of 
the diastereoiner (59) with the phenyl group exo at equilibrium. 
20  In addition, the dioxolane ring will be stabilized by a small gam-dimcthyl effect (SO), 
allow greater puckering of the ring and hence reduce the torsional strain. 
With fewer substjtuents, dioxolane rings are not destabilized with respect to dioxane 

















Figure 5.22 Proposed mechanism (104) for the acid-catalyzed isomerization of 2,4-0-
benzylidene-D-erythrose (57) to the endo (58), and subsequently the exo (59), isomers of 
2,30benzylidene-n-erythrose. 
5.5.6 Fused Five-Membered Ring Acetals 
Cyclohexane-cis-1,2-diol is known (100) to form an O-isopropylidene 
derivative more readily than cyclohexane-trans-1,2-diol, which requires 
forcing conditions to bring about formation of its cyclic acetal. Since the 
torsional angle involving the 0-isopropylidene residue at the ring junction 
is restricted (Si) to a maximum of 410,  considerable distortion of the chair 
conformers of the cyclohexanc-diols from the normal torsional angles 
between cis- and trans-projected C-O bonds is required. When it is recalled 
from Section 3.2.1 that the cyclohexane ring is naturally somewhat flattened 
and that, as a result, axial-equatorial substituents are closer together than 
equatorial-equatorial substituetits, the fact that the cis-dioP with axial- t rial-equatorial 
 equatorial hydroxyl groups undergoes acetonation much more readily than 
does the trans-diol with equatorial-equatorial hydroxyl groups is not 
surprising. ?Joreover, any further distortion necessary for the formation 
• . 
	
	 of the O-isopropylidene derivatives imposes less strain on the six-membered 
ring (cf. ref. lOS) in the case of acetonation of the cis-diol than in the aceton- 
• 	 ation of the trans-diol. 
• If it is accepted that the six-membered ring in 0-isopropylidene-cyclo- 
hexane-cis-1,2-diol (60) exists as a distorted chair conformer, 23 then, by 
22  In fact., infrared spectroscopic data on the hydrogen-bonding properties of each diol 
in dilute carbon tetrachloride solution indicate (107) that the cis-diol with a torsional 
• 	 angle between projected C-O bonds of 50° is even more flattened than cyclohexane 
itself. 
23 It is significant that 2-oxa-cis-hydrindane-5,6-diol with the related oxabicyclo[4.3.01-
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Figure 5.23 Ring inversion of 0isopropyIidene-cyC1OheXafleC$4,210l (60) and cis-
hydrindan (61). 
H 
• 	 CH3 
 
virtue of ring inversion, it must exhibit (Figure 5.23) conformational iso-
inerism between enantiomers in a manner akin to that of cis-hydrindan 
(61) (110). The six-membered ring of 0_isopropylidene-cyclohexanc.4Tafls 
1,2-diol (62) probably exists as a somewhat puckered chair conformer. 
f. 
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In the cases where 1,3-dioxolane rings are cis-fused to pyranoid rings, 
both distorted chair conformers and twist-boat cOnformers have been 
proposed for different pyranoid derivatives. Thus, coupling constant data 
from the 'H nuclear magnetic resonance spectrum of diethylsulfonyl (4-0-  
ace tvl-2,3-0-isopropylidene-a-D-lyxopvranosvl) methane (63) indicate (111) 
that the pyranoid ring exists as a distorted chair conformer. On the other 
hand, in 3,4,6-tri-O-acetvl-1,2-0-(1'-cvauoethylidene)-a-D-glucopyranose 
(64)24 (112), coupling constant data from 'H nuclear magnetic resonance 
spectroscopy indicate (114) that the pyranoid ring exists in a conformation 
closely related to a twist-boat conformer. 25 
A study of the intramolecular hydrogen-bonding properties of 1,2:5,6-






H 	 H 
(65) 
tion has shown (116) that the torsional angle between the projected C-O 
bonds associated with the vicinal hydroxyl groups on C 3 and C 4 is ca. 490• 
This value is consistent with the six-membered ring existing as a twist-
boat conformer. It turns out that the cis-anti-cis arrangement with these 
conformational properties is a particularly stable steric arrangement, and 
there is some evidence that the pyranoid su gars which can assume it will do 
so in preference to forming cis-fused furanoid derivatives. Thus, coupling 
constant data from 'H nuclear magnetic resonance spectroscopy indicate 
(117) that 1.2: 3,4-di-O-isoprov1iclene-a-D-gaIactopyranose (66) and 
1.2:3,4-di-0-isopropyhidene--L-arabiiiopyranose (67) exist as twist-boat 
: 	conformers. It is tempting to speculate that 1,2:3,4-di-0-isopropylidcne- 
24 The configuration at the acetal carbon atom (C*)  is iot known. It is noteworthy that., 
wiseti methyl 4-L-arabtnopyrnlu)side is condensed with paraldehyde in the presence of 
an acid catalyst, two diastereomeric 3,4-0-ethylidene derivatives are obtained (113). 
Acid-catalyzed isomerization shows that the diastereomer with the methyl group endo 
predominates (at least 70) at equilibrium. This is not. surprising in view of the finding 
(84. 92) that in most 2-alkv14-cis-5-trisubstituted 1,3-dioxolanesthe syn isomers are 
more stable than the anti isomers. 
"Twist-boat conformers have also been postulated (115) for some branched-chain 
methyl glycopyranusides, including methyl 6-deoxy-2,3-0-isopropvlidene4-C-niethyl-a-
L-talopvrano.,4de and methyl 6-deoxv-3,4-O-isopropvlidene-2-C-methyl-a-i.-galacto.. 
pyraisoside, but the evidence in these instances is less convincing. 
	






R = H 
-D-altropyranose (68) (118) and 2,3 : 4,5-di-O-isopropylidene--D-fructo- - 
pyranose (69) (119) may also exist as twist-boat conformers. 
H 	 H 
•HOH2C 




Cyclopentane-cis-1,2-diol forms (106) an O-isopropylidene derivative 




trans isomer is such that it cannot form an O-isopropylidenc derivative 
without the introduction of considerable strain. In fact, cyclopentane-
trans-1,2-diol does not form an O-isopropylidene derivative (106). Examples 
of O-isopropylidenc rings cis-fused to furanoid rings occur in the 1,2:5,6- 
• 	di-O-isopropylidene derivatives of D-glucose (71) (120), D-talose (72) (121), 





glucose and D-talose derivatives (71 and 72) the 5,6-0-isopropyljciene 
residues have the exo configuration at C 4  of their furanoid rings, whereas 
 
in the n-galactose and n-altrose derivatives (73 and 74) the 5,6-0-iso-. 
propylidene residues have the endo configuration. The fact that 1,2:5,6- 





(73) 	 . 	 (74) 
Yield (3%)  on acetonation of n-galactose reflects the greater stability 
of the 1,2:3,4-diacetal (66) with the cis-anti-cis arrangement. Although 
this steric arrangement is a particularly stable one, the 1,2:5,6-diacetal 
(73) may also be destabilized by the bulky 5,6-0-isopropylidene residue on 
04  having to assume the endo conflguration.26 
' It is noteworthy that, although syn di3stereomers (which correspond to the 1,2: 5,6-di- 
O-isopropylidene derivatives with the endo configuration) are generally more stable in 
- - 	 - 
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There is some evidence that the five-membered rings in the cis-fused 
systems are puckered, that is, they are not as represented in 70-74. Coupling 
constant data from 'H nuclear magnetic resonance spectroscopy have 
indicated (123) that the furanoid ring in 5,6-anhydro-1,2-0-isopropylidene-
a-D-glucofuranose exists predominantly in the twist conformation (3 T2) 










It is interesting that the acid-catalyzed condensation of D-glucose with 
acetone yields not only the 1,2:5,6- (71) and the 1,2:3,5- (see Section 
5.5.7) diacetals, but also 1,2:3 ,4-di-O-isopropylidene-a-n-glucoseptanose 
(76) (1.9%) and 2,3 :4,5-di-O-isopropylidene-D-glucoseptanose (77) in low 
HO 
H3C" CH3 
(76) 	 (77) 
yield (124). This indicates that the diacetals with glucoseptanoid rings 
must be only about 1-2 kcal mole' less stable than the 1,2 :5,6-diacetal 
2,4-cis-5-trisubstituted 1,3-dioxolanes, in 2-t-butyl4-cis-5-di-isopropyl-1,3-dioxolane 
and 2,4-cis-5-tri--butyl-1,3-dioxolaiie the anU diastercomers (which correspond to the 
1,2:5,6-di-0-isopropylidene derivatives with the ero configuration) are favored (84, 92). 
By analogy, it is possible that the 1,2-diacetals having bulky 5,6-0-isopropylidene 
residues with the ero configuration at C 4 of the furanoid ring are stablized relative to 
diast-ereomers with the endo configuration at C 4. If this is the case, the 1,2:5,6-diacetals 
formed from D-galactose and D-altrose will be destabilized with respect to those formed 
from D-glucose and D-talose. 
208 	I.94'n,lCrislzz 
with a glucofuranoid ring. Examination of the most stable twist-chair 
conformers for the glUCosc)tanoid ring shown in Figures 3.41 and 3.42 
indicates that many of them can form the 1,2:3,4- and 2,3:4,5-diacetals 
without imposing much strain on the septanoid ring. 
5.5.7 Fused Six-Membered Ring Acelols 
Condensation of D-glucose with benzaldehyde in the presence of zinc 
chloride and acetic acid has yielded (125) one of the four diastereomers of 
1.2:3,5-di-0-benzylidene-a-o-glucofura110se in low yield. (16%).  If only 
distorted chair conformers 27 are assumed for the 1,3-dioxanc rings, there 
are two conformations that they may assume with equatorial phenyl 
groups corresponding to the diastereorners (78 and 79)28  with opposite 
NO 
• 	4. 
(78) 	 (79) 
.configurations at the 3,5-benzylic carbon atom. In one diastereomer (78) 
C2 of the furanoid ring is axial on C 4 of the  1,3-dioxane ring, while in the 
other dinstereomer (79) the 1,3-dioxane ring has the oxygen atom in the 
furanose ring axial on C5 as well as an axial hydroxylmethyl group on C 4 . 
Coupling constant data from 1H  nuclear magnetic resonance spectroscopy 
have indicated (126) it was the second diastereomer (79) with two axial 
groups on the 1,3-dioxane ring that was obtained from the benzylidenation 
(125). However, it is not known whether or not this is the more stable 
diastereomer. 29 
37, In view of the much higher free energy of twist-boat conformers (Section 5.5.2) of 
- - 1,3-thoxane, this is a reasonable assumption. In this case, there is also some evidence 
(126) from III nuclear magnetic resonance spectroscopy on which to exclude twist-
boat conformers from consideration. 




19 The yield (16) of the diastereomer is low; moreover, the benzylidenation may not 
have reached equilibrium. however, it is interesting to note that the dia.stereomeric 
I ,2-0-isopropylidene-3,5-O-(met hoxymethvlidcne)-6-O-p-tolylsulfonyl-a-D-glucofurano-
ses, one with an axial and the other with an equatorial methoxyl group on C2 of the 1,3-
dioxáne ring, both exist (127) in conformations analogous to that of the second dia-
stercomer (79) of 1,2: 3,5i-0-bcnzylidene--D-gluco(uranose. 
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Examination of the distorted chair conformations of the 1,3-dioxane 
ring of 1,2:3,5_di.0isoproPYlidCne_xYbofu nose (80) (128) shows that 
one conformer, A, has a syn-axial interaction between substituents on C2 
and C4 of the dioxane ring and so should be disfavored relative to the other 
conformer, B. As yet, however, no experimental data are available to 





The case of formation of 
-r-idofuranosc (81), compared with that of 6_deoxy-1,2:3,5-di-0-iS0PrOPY 
(82), on acid-catalyzed condensation 
(129) of the corresponding 1,2-0-isopropylidcfle derivatives with acetone 
may be explained by conformational analysis (cf. ref. 24). In the case of the 





-former A, which would experience a syn-axial interaction within its 1,3- 
dioxanc ring. In the gluco derivative (82), conformers A and B would each 
experience syn-axial interactions, 30  and so the 1,3-dioxane ring probably 
exists as the twist-boat conformer C. Clearly, the gluco derivative (82) is 
destabilized relative to the ido derivative (81), and the relative ease of 
formation of the latter finds an explanation. 
30  The situation is analogous to that of 2,2trans4,6_tetraiflethyl4,3-diOXafle, which is 













H 	 CH3 
• (C) 
(82) 
In acid-catalyzed condensations of alditols with aldehydes or ketones, 
trans-fused 1,3,6,8-tetraoxabicyclol4.4.0ldecane ring systems result when 
carbon atoms previously associated with hydroxyl groups in the erythro 
configuration form the ring junction. Thus, acid-catalyzed methylcuation 
of ribitol and allitol has yielded 1,3: 2,4-di.O-mcthylene-DL-ribitol (83) 
(130) and 2,4:3,5-di-0-methylcne-allitol (84) (131) with trans-fused 
E44.01 ring systems and equatorial hydroxymethyl groups. 
In acid-catalyzed condensations of alditols with aldehydes or ketones, 
cis-fused 1,3,6,8-tetraoxabicyc1o4.4.01decane ring systems result when 
carbon atoms previously associated with hydroxyl groups in the threo 
configuration form the ring junction. Thus, acid-catalyzed methylenation 
of L-threitOl has yielded (132) 1,3: 2,4-di-O-methylene-L-threitol (85) with a 
H 
H 
10 R1 :CH20H. R2:H 
R1 =CH20H. R2=CH20H 










C2 	 C 
(85) 	. 	 2 
O4nside" 	 "H-inside 
kcal moL 	 kcal mot t 
(O1—C1 ca— 08 ) 	0.26 	 (C—01—C10—C9) 	2.05 
(O1—C--05-06 ) 	0.26 	 CC9—C --05—C). 	0.85 	. 
(03C4—Cç06) 	0.26 	 . 	(C7-05—05—C4 ) 	2.05 
RrIn or 	 0.40 	 RTLno- 	 0.40 
Tot at 	 1.18 	 Total 	 5.35 
Figure 5.24 The relative free energies of the "0-inside" and "H-inside" conformers of 
1,3:2,4-di-0-methylene-L-threitol (85). Gauche interactions between oxygen atoms, 
that is, (0,—C,0---C,---O,), (O,—C, 0—C4-0), and (0,—C 4—C,—O 6), have been made 
equal to one-half the conformational free energy of a hydroxyl group in aprotic solvents 
[—Goa = 0.52 kcal mole -1 (61)]. The gauche interaction (C9—C1 0—C,—C 4 ) between 
carbon atoms has been made equal to one-half the conformational free energy of a 
methyl group [—.G ° cj13= 1.70 kcal mole- ' (61)] on cyclohexane. The other two gauche 
interactions, (C 2-01—C,,---C,) and (Cr-0e—C,--C 4 ), correspond to the conforma-
tional free energy of a methyl group on C 4 of a 1,3-dioxane ring [—Gc11s 2.9 kcal 
mole- ' (57)] minus one-half the conformational free energy of a methyl group on cyclo-
hexane. 
cis-fused [4.4.01 ring system. Two conformers, which have been termed 
(24) the "0-inside" and the "H-inside" conformers, are possible for 85, 
and their contribution to the conformational equilibrium shown in Figure 
5.24 will be dependent on their relative free energies. The free energies of 
each conformer relative to a hypothetical 1,3: 2,4-di-O-mcthylene-erythrjtol 
(86) with no nonbonded interactions have been calculated as detailed in 
212 	Isomerism 
Figure 5.24. A comparison of these calculated values indicates that the 
110-inside" conformer is 4.2 kcal mole —' more stable than the "Fl-inside" 
conformer. Thus, 1,3:2,4-di-0-methylene-L-threitOl (85) may be expected 
to exist, albeit entirely in solution, as the "0-inside" conformer. Indeed, it 
has been shown (132) from dipole moment measurements that it exists as 
the "0-inside" conformer to an extent of at least 90% in benzene. Coupling 
constant data from 2H nuclear magnetic resonance spectroscopy also indi-
cates that the 1,3 2,4-diacetal (85) exists predominantly as its "0-inside" 
conformer in chloroform. 3' 
Figure 5.25 shows that 1,3 :2,4-di-O-methylene-DL-xylitol (87) (134), 
2,4:3,5-di0-methylenC-D-glUCit0l (88) (135, 136), and 2,4:3,5-di-0- 
C520H 
k- :~~ .11~. 	0_~> <::~ 	HPH 0 
HOH2C 
(87) 	 (88) 	 (89) 
Figure 5.25 The -0-inside" conformers of 1,3:2,4_diOmethylene-D-xylitol (87), 
2,4: 3,5.di.O-methylene-D-gh*citol (88), and 2,4: 3,5-di O-mnethylene-L-iditol (89). 
methylene-i-iditol (89) (137) must also exist as "0-inside" conformers, 
since the "H-inside" conformers would have axial hydroxyniethyl groups 
"inside" experiencing very large nonbonded interactions. However, as 
Figure 5.26 show s 
'
.' 2.4:3,5-di-0-inetliVIClIC-D-inaiinitoI (90) (136) can exist 
as the "O-inside —  conformer with two axial hydroxymethyl groups or as 
the "H-inside" conformer with two equatorial hydroxymethyl groups. 
Comparison of the relative free energies calculated for each conformer in 
Figure 5.26 indicates that the "H-inside" conformer is preferred by 1.6 
kcal mole'. Indeed, coupling constant data from the 'H nuclear magnetic 
resonance spectrum of 1 .6-dideoxy-2,4 : 3,5-di-O-methylene-D-mannitol 
show (138) that the "H-inside" conformer is the predominant contributor 
to the conformational equilibrium at room temperature in chloroform 
solution." However, when the temperature is lowered to 59°, the "0- 
M It should also be noted that acid-catalyzed benzylidcnatiozi of t-threitol gives (133) 
the diastereomer of 1,3:2,4-di-O-benzylidelie-L-threithl with equatorial phenyl groups 
on the "O-inside" conformer. 
32  Acid-catalyzed benzylideitat ion of 1,6-di-O-benzoyl-D-mannitol gives (138) two din-
stereomer of 1,6_di_0_benzoy1_2,4:3,5_di-O-be,lzYlidCIeDmatt11it0l, one with equatorial 
phenyl groups on the ­ 11-inside­  conformer and the other with equatorial phenyl groups 
on the "0-inside" conformer. - 
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C2 	 C2 
I' 
C2 	 C., 
(90) 
"0-inside" 	 "H-inside" 
	
kcal mol 	 kcal moli l  
(01—C1 –C9-08 	0.26 	 (cC9-06—c7 ) 	2.05 
(08—C9—C4-03 ) 	0.26 	 (C–C9--c4 —c5 ) 	0.05 
(03— C4--05-06 ) 	0.26 	 (C5—C4 -03—c2 ) 	2.05 
Two axial CH20Hs 	6.80 	 RTtna 	 0.40 
RT.In q 	0.40 
Total 	 6.89 	 Total 	 5.35 
Figure 5.20 The conformationsl equilibrium between the "0-inside" and "H-inside" 
conformers of 2,4:3,5-di-0-methylene-D-mann ito! (90). The conformational free energy 
of the hydroxymethyl group on C 4 of the 1,3-dioxane ring system has been taken as 
equal to that of a methyl group. See the caption to Figure 5.24 for an explanation of the 
values assigned to the other interactions. 
inside" conformer is preferred. The temperature dependence of this con-
formational equilibrium may be interpreted in terms of the "H-inside" 
conformer being more flexible and thus having a higher entropy than the 
"0-inside" conformer. 
- The order of stability of 2,4:3;5-di-0-methylene derivatives with manno, 
gluco, and ido configurations is well demonstrated (139) by the facile base-
catalyzed epimerization of the 2,4: 3,5-di-O-methylene-n-hexosaccharjc 
acids with manno and gluco configurations to 2,4:3,5-di-O-methylene-L-
idosaccharic acid. 
As shown in Figure 5.27, acid-catalyzed condensation of D-arabinitol 





Axial Cn20H 	2.9kcal moti1 HO—C—H 
H—C—OH 
H—C—OH 	 HCHO H2OH 
CH2OH 
6 2 	 80 	
CH20H 
,0 
80 	 10 
O-Insld. (92) 	 "H-irsslds" 
kcal mo(e 1 	 kcal moij 
(0— C,—C9—Q8) 	0.25 	 (C,0—C9-08—c7 ) 	2.05 
(08— c9—; - 021 	0.28 	 (C,—C9——c5) 	0.85 
(03—;—c5-05) 	0.28 	 (C—C4 —O3—c) 2.05 
Axial CH20H 	XIL - 
6 	 £95 
6N0 + 	+ RT(N0LnNQ + NHInNN) = 3.6 kcatmol.' 
Figure 5.27 The acid-catalyzed condensation of D-arabinitol with formaldehyde. See 
the captions to Figures 5.24 and 5.26 for explanations of the values assigned to the 
various interactions. - 
[4.4.01 ring system and an axial hydroxymethyl group, or the 1,3:2,4-
diacetal (92) with a cis-fused [4.4.0] ring system in which the "0-inside" 
conformer has an axial hydroxymethyl group and the "H-inside" conformer 
has an equatorial hydroxymethyl group. At equilibrium, the product 
composition of this methylenation will be determined by the relative free 
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diacetal (91) is predicted from Figure 5.27 to be 0.7 kcal mole —' more 
stable than the 1,3 :2,4-diacetal (92), it is the latter which has been isolated 
(78) in low yield (49% after three successive equilibrations of the same 
reaction mixture ) from the acid-catalyzed methylenation of D-arabiflitOl. 
The methyl 4,6-0benzylidene-a-D-aldoheXOPYraflOSideS with the alto 




(95) 	 (96) 
fused [4.4.0] ring systems. Coupling constant data from the 'H nuclear 
magnetic resonance spectra of these compounds have indicated (140) that 
in each case the pyranoid ring exists as a chair conformer. 
Base-catalyzed benzylidenation of methyl 2,3-di-0-methyl-a-o-gluco-
pyranoside with benzylidene bromide (141) has yielded the diastereomers 
97 and 98 with opposite configurations at the benzylic carbon atom. Al- 
OCH3 
(97) 	 (98) 
though it has been suggested (141) that the 1,3-dioxane ring of 98 might 
adopt a boat conformation, it seems more likely that the phenyl group will 
assume an axial orientation on the chair conformation, as shown in con-
former 98.' 
"The conformational free energy of a phenyl group on C t of a 1,3-dioxane ring is only 
3.1 kcal mote' (57), compared with a destabilization of 5.7 kcal mole' (6S) when a 1,3-
dioxane ring exists as a twist-boat conformer. 
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(99) 
The methyl 4,6-O-benzylidene-a-D-aldohexopyranosides with the galacto 
(99), qulo (100), iclo (101), and lab (102) configurations all have cis-fused 
[4.4.0] ring systems. In 99-102, they are shown as the diastereomer with 
(100) 
equatorial phenyl groups on the "0-inside" conformers (cf. ref. 24). Indeed, 
the methyl 4,6-0-benzylidene-2,3-di-O-di-0-methyl-a-D-galactopyranoside 





D-galactopyranoside has been found (141) to be the dhstereomer corre-
sponding to the 2,3-dimethyl ether of 99. The pyranoid ring in the 2,3-
dimethyl ether of 101 has recently been reported (142), on the basis of 
coupling constant data in its 111  iiuclear magnetic resonance spectrum, to 
exist in a twist-boat conformation. 
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(102) 
5.5.8 Fused Seven-Membered Ring Aeefals 
Perhaps the best-known examples of fused seven-membered ring acetals 
are the 1,3:2,5:4,6-tri-O-alkylidene derivatives (e.g., 103, 104, and 105) of 
D-mannitol (143, 144). The trans-anti-trans configuration of this fused-ring 
system confers (cf. ref. 24) on these acetals their remarkable stability. 
C2 C2 
R 1  UR2 =H 
R 1 =R2 =CH3 
R 1 :CH3 R2 =H 
Examination of molecular models has shown (143) thai they may assume 
one of three conformers wherein the 1,3-dioxepane ring adopts, approxi-
mately at least, a twist-chair (TC), a twist-boat (TB), or a chair (C) con-
formation. By a process of ring inversion, the seven-membered ring may 













Figure 5.28 The TC and TB conformers of 1,3:2,5: 4,6-tri-O-methyiene-o-mannitol 
(103). 
Here the two C conformations are degenerate. As shown in Figure 5.28, 
the TC and TB conformations of 1,3:2,5:4,&-tri-0-methylene-D-mannitol 
(103) have a C2  axis of symmetry passing through the 2,5-0-methylene 
carbon atom and the centers of the C3-C4 bonds. As a result, the two 0-
methylene protons may be exchanged by a C2 symmetry operation and are 
therefore equivalent. On the other hand, in the degenerate C conformations 
shown in Figure 5.29, the 0-methylene protons are diastereotopic. The 
observation that these protons are isocbronous, even down to —82°, has 
been cited as evidence (143) that 103 exists as either the TC or the TB 
conformer. Conformational analysis predicts that the TC conformer will 
be the more stable (cf. Section 5.5.4). It has also been shown (143) that the 
methyl groups of the O-isopropylidene residue of 2,5-0-isopropylidene-1,3: 
4,6-di-0-rnethylene-D-mannitol (104) are isochronous. This derivative 
almost certainly exists as the TC conformer. 
Since the two 2,5-0-methylene protons in 105 are equivalent, replacement 
of either by a methyl group will give the same compound: 2,5-0-cthylidene-
1,3 :4,6-di-0-mcthylene-n-mannitol (105). Even this derivative is believed 
(144) to exist as a TC conformer, albeit slightly distorted. 
4 
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H 





Hj'H 0 0 _ A4 	H 
H 	 5 AH 
Figure 5.29 The degenerate C conformers of 1,3:2,5: 4,6_triO_methy1ene-D-rnanflitOl 
(103). 
It is interesting that, although three new chiral centers are created when 
methyl a-n-glucopyranoside condenses with paraldehyde in the presence of 
sulfuric acid to give (145) methyl 4,6_0_ethylidene_2,3-0-OXYCthY1tdeflC 
a_n-glucopyranoside, only one diastereomer appears to be obtained (146). 
The conformational diagrams in Figure 5.30 show that the seven-membered 





H 	 H H 
CM3 
Figure 5.30 Conformational representation of methyl 4,6-0-ethylidene-2,3-OcYethYli-
dene_a..n-glucopyranoside (106). 
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ring can readily adopt a stable TC conformation with equatorial methyl 
groups on both acetal carbon atoms. Titus, the equatorial orientations of 
the methyl groups on the acetal carbon atoms in Figure 5.30 define 106 as 
the most stable diastereomer of methyl 4,6-O-ethylidene-2,3-O-oxydi-
ethylidene-a-D-glucopyranoside. It seems not unlikely that 106 is the 




5.6 Glycosidic Anhdride Formation 
In aqueous acidiè solutions, aldoses and ketoses are known (cf. refs. 2, 5, 
24, and 147) to form internal glycosides or glycosidic anhydrides (cf. 
Section 2.10) through condensation of their lactol hydroxyl groups with: 
other hydroxyl groups in the molecules. For hexoses and heptuloses, an 
equilibrium (sugar = anhtydride + water) is eventual!y established with 
the 1 .6-anhydrohexopvranoses and the 2,7-anhydroheptulopvranoscs, 
respectively. Although other anhydrides (e.g., anhydrofuranoses) may be 
formed, they are usually of high enough free energy to ensure that their 
contributions at equilibrium will be small. Certainly, those potentially 
involving cyclic systems with three- or four-membered rings will have 
extremely high free energies and are not considered further. 
The equilibrium fr?e energies G y ranose of all the aldohexopyranoses are 
known (Table 3.9 in Section 3.2.4), and those for the heptulopyranoses 
may be obtained by analogous computational procedures. Thus, in the 
event that the free energy contents of the anhydropyranoses could be 
calculated. the proportions of each anhydride at equilibrium would be 
predictable. However, since the magnitudes of the interactions itivolving 
the anhydro bridge are unknown, this approach is not possible and another 
one has been devised (147). In this second approach, the reaction is as-
sumed to proceed in two stages: 
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The 4C, and 'C 4 conformers of the a- and $-anomers, that is, the forms 
present at equilibrium, are converted into the 'C4 conformer of the 3-D-
anomer or the 4 C,  conformer of the 3-L-anomer. 
The 1,6- or the 2,7-anhydride is formed as shown in Figure 5.31. 
Free energy changes are associated with each stage in the reaction. 
This approach involves the postulation of a hypothetical reaction sequence. 





Figure 5.31 The formation of 1,6- or 2,7-anhydrides. 
the product, the actual course of the reaction is immaterial. The -free 
energy change G° associated with stage 1 may be obtained for the D-
hexoses from the difference between Gc4 for the -anomer and 
listed in Tables 3.6 and 3.9, respectively, in Section 3.2.4. The values ob-
tained for G° are recorded in Table 5.12. The results of similar calculations 
on the 1)-heptuloses are summarized in Table 5.13. The free energy change 
associated with the formation of the anhydride in stage 2 is assumed to be 
Table 5.12. The Equilibrium Proportions of 1 ,6-Anhydro-. 
hexopyranoses at 1000 (147) 
• 	 Hexose G,p)a GYflOSØ b &G* 
Anhydride (mole), % 
Theory 	Experimental 
r-Idose 5.35 3.4 1.95 -0.85 76 86 
D-Altrose 5.35 2.95 2.4 -0.4 63 65.5 
n-Gulose 5.45 2.85 2.6 -0.2 59 65 
D-Allose 6.05 2.85 3.2 +0.4 37 14 
r-Talosc 8.0 - 	 3.3 4.7 +1.9 7.2 2.8 
• 	D-Mannose 7.65 2.25 5.4 +2.6 2.9 0.8 
n-Galactose 7.75 2.25 5.5 +2.7 2.6 0.8 
1)-Glucose 8.0. 1.8 6.2 +3.4 1.0 0.2 
o From Table 3.6 in Section 3.2.4. 
b From Table 3.9 in Section 3.2.4. 
----- -4 
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the same for diastereomcrs, that is, K has a constant value for the hexoses, 
and a different but constant value for the heptuloses. It has been found 
(147) that the best agreement with the experimental results is obtained 
when has the value of -2.8 kcal mole -' for hexoses and -3.25 kcal 
mole' for heptuloses. With the use of these values, the free energy change 
on anhydride formation may be obtained by summing G ° and G 
Values for are recorded in Tables 5.12 and 5.13 for the hexoses and 
heptuloses, respectively, along with the theoretical mole percentages of 
Table 5.13 The Equilibrium Proportions of 2,7-Anhydro-
heptylopyranoses at 1000 (147) 
- 	 . 	 Anhydride, (mole) % 
Heptulose GJ,p) 	 AG* 	AGAO 	 Theory Experimental 
D-IdO- 5.8 4.7 1.1 -2.15 94.5 96 
D-Allro- 5.3 4.05 1.75 -1.5 88.5 90 
L-Gu1O- 5,94 4.35 1.55 -1.7 91 91.5 
r.-Allo- 6.5 4.3 2.2 -1.05 80 51.5 
n-Tab- 8.45 3.95 4.5 +1.25 15.5 
n-Manno- 8.1 2.9 5.2 +1.95 6.8 9.0 
i.-Ga1aeto- 8.2° 3.25 4.95 +1.75 9.2 
8.45 2.8 5.65 +2.4 4.0 2.1 
° 
anhydrides calculated from the equilibrium constants deduced from 
at 100° .' 
The theoretical mole percentages may be compared with the experimental 
values obtained" from equilibrations carried out in aqueous acidic solu-
tions at 1000. In general, the agreement is quite good, and at least the order 
of stability of 1,6- and 2,7-anhydrides with hexo configurations is predicted. 
The sequence is the same for both and decreases in the following order: 
ida > altro _ gulo > allo > talo > inanno f/alacbo > gluco 
From Figure 5.32, it may be seen that when agreement between theory 
and experiment is not so good, as in the case of the albo, laloj manno, 
' It should be noted that the values for G yranosowere calculated from data obtained at 
either 22° or 25°. The use of such values in calculating equilbrium proportions 
at. 100 0 nuist introduce some error (147). 
3' The compositions at equilibrium were determined (147) by gas-liquid chromatography 
of the acetylated mixtures in the case of the hexoses, and by gas-liquid chromatography 
of the trimethylsilylated mixtures in the case of the heptuloses. 
- 
aOH 	 I 	I R OH 
HO 	OH 	 OH 
HO 




O-gWo 	 0-alto 
OH 0 	 OH 0 
OH OH HO 
HO 




0-galacto 	 D-gluco 
Figure 5.32 The 1,6-anhydrohexopyranos. 
R 
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qalaclo. imd çiluco Coll figuratioiis, there are syn-axial interactions in the 
I('4 confornwrs of the $-D-allorners and in the anhydrides. The assumption 
that the free energy change (.G) on formation of these axihvdrides will 
be the same as for the configurations without .synaxial interactions (i.e., 
the idn, Oro. and ç,ulo) i probably not valid. 36 The destabilizing in-
fluence of an axial hydroxyl group on C 3 interacting with the anhydro 
bridge has been investigated by studying (147, 148) the proportions of 
1 ,G-anhvdro-3-dc'oxV-D-hexo1)vranoses in equilibrium at .1000  with their 
corresponding 3-cleoxy-u-hexopyrano.ses. The results, which are summarized 
in Table 5.14, show that the extents of anhvdro formation are intermediate 
(147) between those of the two related hexoses epimeric at C3. 
Table 5.14 The Equilibrium Proportions of 1 ,6-Anhydro-3-
deoxyhexopyranoses at 1000  (147) 
Anhydride, (mole) % 
3-Deoxv- 
hexose GC,() Gyranose G° aGI Theory 	Experimental 
D-Ly.ro- 4.65 2.45 2.2 —0.6 69 	76.5 
D-ArQbino- 4.65 1.55 . 	 3.1 +0.3 40 47.5 
D-XylO- 4.75 1.55 3.2 +0.4 37 	44.5 
D-Ribo-. 5.35 1.1 4.25 +2.45 12.5 10.5 
In the Case of some hexoses, 1,6-anhvclrofuranoses exist at equilibrium 
in approximately  equimo lar amounts with their 1 ,6-anhydropyranoses. 
Thus, it has been found that 1,6-anhvdro-a-I)-talofuraflose (107) (2.5%) 
(147), 1.6-anhydro-a-D-galactofuranose (109) (0.95%) (149), and 1,6-
anhydro--n-glucofuranose (111) (0.177c) (150), as shown in Figure 5.33, 
are in equilibrium with their respective 1,6-anhydropyranoses (108, 110, 
and 112. respectively). It should be noted that both 1,6-anhydrides have 
the same ring system, namely, the dioxabicyclo[ 3 . 2 .1}octane, and that for 
:ildohexoses with the lab, galaclo, and gluco configurations.thc 1,6-anhydro-
furiutoses are of the same order of stability as their 1,6-anhydropyranoses. 
It is possible that aldohexoses and aldopentoses could form 1,5-anhydro-
furanoses (1.4-anhtydropyranoses) with a dioxabicyclo[ 2 . 2 . 1 ]heptane ring 
system. In fact, after acid-catalyzed equilibration, aqueous solutions of 
' The syn-axinl interaction between 0, and C 4 in the 14  (D) conformer is common to all 























(111) 	 (112) 




galactose may contain (149) small amounts of 1,5-anhydro--D-galacto_ 
furanose (113). Generally speaking, however, favorable conditions for 
the isomerization to furanose forms are required to induce their formation. 
Thus, when D-ribose is allowed to react with benzaldehyde in the presence 




-D-ribOfUrafloSe (114) tire found (151, 152) in equilibrium with the three 
diastereomers of di-(2,3-0-benzylidene)-$-D-rjbofuranose 1,5': 1',5-dianhy-
dride (115). These products are presumably formed from the diastereomers 
of 2,3-0-benzylidene-D-ribose, reaction intermediates in which the ribose 





(114) 	 (115) 
It should be noted that heptoses may form 1,7-anhydropyranoses with a 
dioxabicyclo[3 .3. 1]nonane ring system, as well as 1,6-anhydropyranoses, on 
acid-catalyzed equilibration in aqueous solutions. Thus, at equilibrium, 
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D-glycero-D-gulohcptose contains (147) 1 ,6-anhydro-D-glyccro-I)-gl lohepto-
pyranose (8.9%)37  (116) and 1 ,7-anhydro-D-glycero-D-guloheptopvranose 
(66.0%) (117). As indicated in Figure 5.34, the interaction between C 3 and 
C7 in 117 may be sufficiently large to encourage the 1,3-dioxane ring to 
exist, partially at least, in a boat conform ation. 38 
In addition to forming glycosidic anhydrides through intramolecular 
condensation, aldoses and ketoses may undergo intermolecular condensa-
tion in aqueous acidic solutions to form o!igosaccharides of dianhydrides 
[cf. the formation of di-(2,3-0-benzylidene)--n-ribofuranose 1,5': 
dianhydride]. Thus, one of the major products of refluxing an aqueous 
acidic solution of L-arabinose is (154) 3-0-$-L-arabinopyranosyl-r-arabinose 
(3). This process is sometimes referred to (e.g., ref. 155) as acid reversion, 
and its possible occurrence must be considered when assessing the primary 
structural significance of disaccharides present in small amounts in poly-
saccharide hydrolyzates. 39 For example, when inulin, which is a food 
reserve polysaccharide composed primarily of (2—'1)-linked D-frUCto-
furanose residues, and found in the tubers of plants such as the artichoke 
and the dahlia, is subjected to acid hydrolysis, fructose dianhydrfdes, 
including 1 ',2-anhydro-[ 1-(-D-fructofuranosyl) ]-$-n-fructofuranose (34 in 
Section 3.4), are found (156) to be present in the çblysaccharide hydroLy-
zate. 
31 The low percentage compared with that of 1,6-anhydro-z-gulopyraiiose (Table 5.12) 
is probably a result of some destabilization caused by the endo hydroxymethyl group on 
C,. 
33 Recently, the 1,3-dioxane ring in the preferred conformers of some 2,4-dioxabicyclo 
13.3.ljnonane (A) derivatives has been shown (153) to adopt a boat conformation: 
0 
'~~A 
- 	 (A) 
U The isolation and characterization of small fragments such as disaccharides and 
oligosaccharides after partial acid hydrolysis of a polysaccharide constitute the method 
of primary structural analysis known as linkage analysis. The identification of disac-
charides which are acid reversion products may lead to erroneous primary structural 
conclusions. Since disaccharides arising from acid reversion are equilibrium-controlled 
products, they will not be destroyed on prolonged acid hydrolysis. This criterion may be 

























It has been the purpose of this chapter. and indeed of this book, to at-
tempt to high-light the important role that  isomerism pins among the 
carbohydrates The fact that constitutional, configurational, and con-
formational isomerjsms are often superimposed on each other would almost 
seem to confer on the carbohydrates a unique status among organic 
compounds. 
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constitutionally unsymmetrical, 9, 22 
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Fischer projection formulas of 20-23 
general constitutional formula of, 19 
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equilibrium compositions of aqueous solu-
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pyranose/furanose ratios of, 165, 167-169 
relative free energies of, 92 
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formation of lactones from, 178-185 
AldonolactoneS, 28 
AldopentopyranoSeS, ' 3 C chemical shifts 
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conformational equilibria of tetraacetates, 
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Aldopentoses, 22, 24 
equilibrium compositions of aqueous solu-
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Aldopyranoses, conformational free energies 
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general constitutional formula of, 22 
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relative free energies of, 92 
Aldotetroses, 22, 24 
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3 , .Anhydro 2.deoXyD.g21act0se, 171,172 
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formation of, 220, 221 
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formation of, 220, 221, 223 
1,6-Anhydro-1-D-idopyranose, 39 
5 ,6-Anhydro-1 ,2-0-isopropylidene-a-D- 
glucofuranose, 207 
1,6-Anhydro-a-p-talofuranose, 224, 225 
1 ,6-Anhyd.ro-2 ,3,4-tri-0-acetyl--D-galacto- 
pyranose, long range coupling in, 142 
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dipole-dipole interactions associated 
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origin of, 81 
quantitative definition of, 68, 69, 70 
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Anomers, nomenclature of, 32  
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Bond deformation, strain associated with, 
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2-Bromotetrahydropyran, 73, 81 
n-Butane, 2 
potential energy profile for, 3 
7-Butyrotactone, 177, 178 
C 
C conformation of cyclopentane, 98 
C conformation of cyclopentanc, 97 
Cahn-lngold-Prelog convention, .17, 18, 19 
L-Carrageenan, double helix for, I 1S-117 
gelation by, 118 
optical rotatory properties of. 155 
primary structure of, 114, 115 
X-ray diffraction studies on, 115, 116 
K-Carrageenan, gelation by, 118 
optical rotatory properties of, 155 
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X-ray diffraction studies on, 115, 116 
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conformation of, 109-113 
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Chiral, definition of, 10 
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definition of, 1 
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Conformation, definition of, 2 
eclipsed, 2 
staggered, 2 
Conformational analysis, 2 
equilibria, 47-49 
free energy, definition of, 63 
of a hydroxyl group, 63 
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of a methyl group, 64 
interconversion, 49 
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Constitution, definition of, 1 
DL Convention, 16,17 
application of, 18, 19 
RS Convention, 17, 18 
application of, 18, 19 
Coupling constants, angular dependence of,. 
137, 138 
effect of clectronegativity on, 139 
long range, 142, 143 
Crystallites, 123 
Curtin-Hammett principle, 168, 171 
Cyclitots, conformational properties of, 59 
equilibria with borate complexes, 61, 62 
molecular rotations of, 149 
nonbonded interactions in, 61,62,67 
Cycloheptane, 102, 198 
conformational properties of 102, 103 
Cycloheptane-trans-1 ,2-diol, 103 
Cycloheptane-cis- I ,2-diol, 103 
Cyclohexanc, conformational properties of, 
50-55 
thermodynamic parameters for chair/twist 
boat injerconversions in, 191 
Cyclohexane-cis- I ,2-diol, O-isopropylidene 
derivative of, 202, 203 
Cyclopentane, conformational properties of, 
97-98 
Cyclopentane-cis- 1 ,2-diol, O-isopropylidene 
derivative of, 205 
rc 
2 effect, 70, 72 
2-Deoxy-D.a,obinohexose, 166  
2-Deoxy-D-arabinose, 70, 71 
6-Deoxy-1 ,2: 3 ,5-di-O-isopropyljdcne-6- 
nitro--D-g1ucofuranose, 209, 210 
6-Deoxy-1 ,2 :3 ,5-di-O-isopropylidene-6- 
nitro-p-L-idofuranose, 209 





6-Deoxy-5-C- met hyl-D.xylohexopyranose, 
64,65, 133 
3-Deoxy-D.ribohexose, 162, 166 
Diastercomers, definition of, 4 






I ,2 :3,5.Di-O.benzyIideneDglucofurano 
208 
Di-(2,3-0.bcnzyljdene)-0D.rjbofuranose.. 
1,5': 1',5-dianhydride, 226 
trans-2,)-Dichloro tetra hydropyran 73 
1 ,6-Dideoxy-2,4: 3,S-di-O-methylene.D.rnan- 
nitol, 212, 213 
1 
chair/twist-chair pseudorotational 
itinerary of, 199 
Diet hylsu1onyl(4.acetyI2,3.j pro pyl 
idene-a-D-lyxopyranosyl) methane, 
203,204 
trans- 2,3-Dihalogenodioxanes, 73, 84 
trans- 2,5-Dihatogcnodioxanes, 73, 84 
trans- 2,3-D ilia logenodjthjanes, 73 
trans- 2,3-Dihalogenothjoxanes, 73 
Dihedral symmetry. 11-13 
1,2:5,6-D i-0- iso prop y lid cne-O-D-altrofura- 
nose, 205, 206 
1,2:3,4-Di-0-isopropy1jdenepDa1tropyra 
nose, 205 
1, 2:3,4-D i-0- iso pro py lidene-0. L -arabino pyra-  
nose, 204, 205 
2,3:4,5DiO.iso pro pyljdene.D.fructopyra 
nose, 205 
1 
nose, 205 	- 
I ,2: 3 ,4-Di-isopropyudeneDgaiactopy. 
nose, 204, 205 
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1,2:3.4-Di-0-isopropylidene-o-D-glucosepta- I,3:2,4-Di-O-mettiylcnc-DL-ribitol, 210 
nose, 207 1,3 :2,4-Di-O-niethylene-L-threitol, 210-212 
2,3:4,5-Di-0-isopropylidene-D-glucosepta- dipole moments of "0-inside" and "Fl-in- 
nose; 207 side" conformers, 146 
1 ,2:S,6-Di-O-isopropylidcne-(—)-jnosjtol, 1 ,3:2,4-Di-O-methylene-DL-xyljtol, 212 
204 Dimethyl ethcr, torsional strain in, 191 
1,2:5,6-Di-0isopropy1idcnc-p-D.tatofura- 2,3'Di-O-nicthyl-D-galactose, pyranose/fura- 
nose. 205, 206 nose ratio in different solvents, 169 
1,2:3,S-Di0-isopropylidenca-D.xytofura- 2,3-Di-O-mcthyl-D.xylosc, equilibrium 
nose, 209 methyl glycoside composition, 175 
1,2-Dimethoxyethane, preferred conformer 2,4-Dioxabicyclof 3.3.11 nonane, conforma- 
of, 67 tion of, 227 
Dimethoxymethane, conformers of, 82 1,3-Dioxane, conformational free energy of 
2,4-Dimethoxytetrahydropyran, 98 methyl groups on, 188 
2,3-Di-O-niethvl-D.altrosc, pyranose/fura- flattening of, 189 
• 	 nose ratio indifferent solvents, 169 free energy of activation for, 189, 190 
2,3-Di-O-mcthyl-D.arabjnose, equilibrium puckering in, 189 
methyl glycoside composition, 175 thermodynamic parameters for chair/twist- 
• 	 pyranose/furanose ratio in different sol- boat interconversions of, 191 
vents, 169 1,3-Dioxepane, conformational properties 
2,2-Dimethyl-1,3-dioxane, free energy of of, 198 
activation for, 189, 190 1,3-Dioxolane, conformations of, 194-196 
4,4-Dimcthyl-1 ,3-dioxane, free energy of 2;4-cis-5-trisubstituted derivatives of, 197, 
activation for, 189, 190 198 
54-Dimethyl-1,34oxjnc, free energy of Dipole moments, 146 
activation for. 189, 190 Disaccharides, acidic, 40 
2,2-Dimncthyl-1 ,3-dioxolane, conformations non-reducing, 39 
of, 194-196 reducing, 39 
gem-Dimncshyl effect, 196 
2,4:3,S-Di-0-methylcne-ajljtol, 210 E 
1,3: 2,4-Di-O-rncthytene-D-arabjnjtol, 213, 
214 Edward-Lemieux effect, 81,82 
2,4:3,5-Di-0-mcthylene.D-arabjnjtol, 213, Electronic interactions, 48,58 
214 Enantiomers, definition of, 4 
1,3:2,4-Di-0-methylene.crythritol, 210, 211 Enantiotopic faces, 29,30 
I,3:4,6-DiO- met hyicnc-galactjtot, 194 ligands, definition of, 13 
2,3:4.5-Di-O.nicthyknc-galactitol, coupling Envelope conformation, 97 
constant of 0-methylene protons in, Epimerization, 26 
144,145 Epimers, definition of, 26 
fragmentation process for, 127 Equatorial substituents, definition of, 50 
mass spectrum of, 125 Equilibrium constant, relationship to stand- 
• 	
2,5:3,4-Di-O-methylcnc-galactitol, coupling ard free energy difference, 47 
• 	 constants of 0-methylene protons in, Equivalent faces, 29, 30 
144, 145 ligands, definition of, 13 
fragmentation process for, 126 Ethylene glycol, 148 
• 	 mass spectrum of, 124 2,5-O-Ethytidcne- I ,3:4,6-di-O-methylene-D- 
2,4:3,5-Di-O-methylene-D.glucjtol, 212 mannitol, 217, 218 
2,4:3,5-Di-O-me thy lcne-hexosaccharjc acids, Exo anomeric effect, 84 
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Eyring equation, 49 
F 
FluoromethanOl, diffuse lone pairs on oxy-
gen atoms of, 87 
,jnolccular orbital calculations on, 85-87 
Free sugars, 37 
Furanoid rings, conformational properties 
of. 97-102 
nomenclature convention for, 98, 99 
nonbonded interactions in, 100, 101 
Furanoscs,31 
homomorplious, 37 
perspective formulas of, 35, 36 
G 
DLGa1actohCXodi3ldO%e, 34, 35 
a-D-Galactose- i-phosphate, enzyme-cata-
lyzed epimerization of, 65 
Gel, description of. 1 13-1 18 
Generic prefixes, use in specifying relative 
configurations, 19, 20, 22, 23, 24, 32 
D-Clucofuranosylurono-631act0ne, 185, 
186 
p-D.GlucopyranOsC pentaacctate, virtual 
long range coupling in, 143 
sD.G1ucopyrafloSYl*D 1'rUctofUrafl0side ,  
40 





epimerization of, 65 
Glycaric acids, 22 
Glyceraldehyde, dextrorotatory, 16-18 
enantiorncrs of, 16-18 
levorotatorY, 16-18 
L.Glyccro.0I)a11OhCptopyraflOSC, 32, 34 
Glycerol, acid-catalyzed condensation with 
acctaldehyde, 187 
condensation with aldehydes and ketones, 
200,201 
enzymatic phosphorylation of, 13, 15 
symmetry of, 13, 14 
Glycitols, 19 
Glycogen, 43,44 
Glycoses, 37  
Glycosides, 38, 171 
Glycosidic anhydrides, 38, 220 
a-D-GulopyranoSe pcntaacetatc, long range 
coupling in, 142, 143 
Half-chair conformation, 52 
2-lla loge nocyclohexanofles, 74 
Hassel-Ottar effect, 60 
Hemiacetals, 28 
Heptitols, 19, 22 	 - 
Heterogeneous preparations, meaning of, 
42,43 
Hcteropolysaccharides, definition of, 41 
Hexitols, 19, 22 
Hexopyranosc pen taacetates, chemical shift 
data for, 129-130 
Homogeneous preparations, meaning of, 42, 
43 
Homomorphous furanoscs, 1,2-cis interac-
tions in, 162, 166 
sugars, definition of, 37, 38 
HomopolysaccharideS, definition of, 41 
cis-Hydrindan, 203 
Hydrogen bonding, effect on entropy, 49 
influence on infra red spectra, 127, 128 
4-Hydroxybutanol, 29, 31, 32, 99 
-y-HydroxybutyriC acid, 177, 178 
5-Hydroxy-1 ,3-dioxanc, intramolecular hy- 
drogen bonding in, 192, 193 
5-Hydroxy-2-isopropyl-1 ,3-dioxane, configu- 
rational equilibrium in, 66 
intramolecular hydrogen bonding in trans 
isomer of, 128 
5-Hydroxypentanal, 29, 31, 32,99 
5-Hydroxy-2-pheflYt-1 ,3-dioxane, hydrogen 
bonding in the cis and trans isomers of, 
128 
3-HydroxytetruhydroPYrafl, intramolecular 
hydrogen bonding in, 192, 193 
6-Hydroxyvaleric acid, 177, 178 
Identity element, 10, 11 
a-D-IdopyranOSe pentancetate, long range 
coupling in, 142, 143 
Infrared Spectra, 127, 128 
Inositols, conformational properties of, 59 
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relative free energies of, 67, 68 
symmetry properties of, 10-13 
tridentate borate complexes of, 62 
Isoclironous, definition of, 16 
Isoclinal substituents, 53 
Isomerism, configurational, 4 
conformational, 4 
constitutional, 3 
definition of, 2 
discussion of, 4,5 
geometrical, 4 
optical, 4 
Isomers, configurational, 3, 19 
conformational, 4 
constitutional, 3 
definition of, 2 
mcso, 19 
2-lsopropyl-5-hydroxy- 1.3-dioxane, equilib- 
ration in different solvents, 193, 194 




2,50-lsopropylidenc. 1,3:4 ,6-di-0-methyl- 
ene-D-n1annitol, 217, 218 
1,2-0-lsopropylideneoLgjycerol 200, 201 
1,3-0-lsopropylidene-glycerol 200, 201 
1 ,2-O-Isopropylidene.3 ,5-O-(methoxymeth- 
ylidene)-6.O-p-tolyjsu lfonyl--D.g1uco- 
furanose, 208 
Isorotation, Hudson's rules of, 6, 152, 153 
K 
Karplus equation, 137 




Lactols, 26, 29 
Lactone rule, 155 
Ligand, definition of, I 
stcreoisomeric relationships between, 13. 
15 
Linkage analysis, 227 
rotation, definition of, 154 
of methyl Ocellobioside, 154 
of methyl -lactoside, 154  
Lone pair of electrons, 81 
I-D-Lyxopyranosc tetraacetate, conforma- 
tional equilibrium in, 140, 141 
rate of chair-chair interconversion of, 141 
M 
Maltose, 39 
D-Mannofu1a nosy  lurono6-.3 -lac tone, 185 
D-Mannose 2,3-carbonate, 170 
Mass spectra, 124-127 
2-Metho xycarbonyl-6-f.butyl(etrahydropy. 
ran, 74, 75 
5-Methoxy-2-isopropyl-1 ,3-dioxane, configu- 





3-Methoxy-4-o,a.5cr-cholest2ne 74, 75 
3-Methoxy-4-oxa.Sestrane, 74 
(S)-2-Mcthoxytetrahydropyran, optical ro- 
tation studies on. 84 
Methyl aldoliexopyranosjdes, ' 3 C chemical 
shifts for, 135 
molecular rotation of, 152 
Methyl 3,6-anhydro-2,4-di-0-methyl.D. 
galactopyranoside, 172, 173 
2 deoxy derivative, 173, 174 
Methyl 3 ,6-anhyd ro-2,4-di.O.methyl..D 
galactopyranoside, 172, 173 
2 deoxy derivative, 173, 174 
Methyl 3 ,6-anhydro.2,4.dj0.methyl.D 
glucopyranoside, 174 
2 deoxy derivative, 174 
Methyl 3 ,6-anhydro-2 ,4-di-O.methyl-.o-
glucopyranoside, 174 
2 deoxy derivative, 174 
Methyl 2,6-anhydro-3 ,4-di-O•methyl--D-
mannopyranosjde, conformation of, 
93 
Methyl 3 ,6-anhydroD.glucopyranosjde 
isonterization to furanosides, 177 
Methyl ?-D-arabiriopyranoside, conformation 
of, 150 
2-0-methyl-D-arabinose, equilibrium methyl 
glycoside composition, 175 
30-methyl-D-arabinose, equilibrium methyl 
glycoside composition, 175 
Methyl 4,6-0-benzylidcne.c-Dauopyrano. 
Subject Index 247 
side, 214, 215 
Methyl 4,6-0•benzylidene-a-D-altropyrano-









Methyl 4,6-0- bcnzylidene--D-manno. 
pyranoside, 215 
Methyl 4 ,&-O-benzylidcnc-a-D-talopyrano 
side, 216 
Methylcyclohexane, calculated internuclear 





2,4-dimethyl ether, 78 






Methyl 4 ,6-diehloro-4 ,6-dideoxy-a.D-gluco- 
pyranoside, 84 
Methyl 2,3-di.0.methyl.cvD.galactopyrano_ 
side, acid-catalyzed benzylidcnation 
of, 216, 217 
Methyl 2,3-di0-methyl-a-D-glucopyrano-
side, base-catalyzed bcnzylidcnatjon 
of, 215 
2-Methyl-I ,3-dioxanc, calculated internu- 
clear distances in, 189 
1,3-0-Methylcne-D-arabjnitol, 193, 194 
Methyl 4 ,6-0.ethylidene.2,30.oxyethy1i 
dene-a-D-glucopyranoside, 219, 220 
Mdthyl -D-glucopyranoside, 38, 39, 84, 
171 
Methyl P-D-glucopyranoside, 38, 39, 171 
S-0-Me thy l-p-D-glucose, conformation of, 
101 
Methyl P-D-maltopyranosjde, 84 
Methyl-2-C. met hyl..Lrjbopyranos ides 
conformation of, 128 
Methyl pentopyranosides, molecular rota- 
tionsof, 151 
Methyl a-D-ribopyranoside, chair conformers 
of, 56 
Methyl cr-L-ribopyranosjde, chair conform-
. ers of, 56 
Methyl D-ribopyranosidcs, formation of 2,3- 
0-isopropylidcnc derivative of, 176 
2-Methyl-4,4,6.trjmethyl-1,3..clioxn, 145 
2-0-Methyl-D-xylosc, equilibrium methyl 
glycoside composition, 175 
3-0-Methyl-D-xylose, equilibrium methyl 
glycoside composition, 175 
dl-Modifications, 16, 34 
Molecular rotation, definition of, 147 
empirical approaches to estimating, 147-
155 
strain-energies, 48 	 - 
Monodisperse preparations, 42, 43 
Mono saccharides, 39 
Multiwise interactions, principle of, 154 
Mutarotatjon, complex, 162 
definition of, 152 
simple, 162 
N 
Nomenclature, configurational, 16-18 
conformational for furanoid ring, 98, 99 
pyranoid ring, 54, 55 
septanoid ring, 104, 105 
Nuclear magnetic resonance spectra, chemi-
cal shifts in, 129 
coupling constants in, 137 
Nuclear Overhauser effect, 145 
IC 
Oligosaccharides, 39,40,41 
conformational properties of, 109-118 
Optical rotation, 147-151 
superposition, principle of, 6, 153 
P 
dl-Pairs, 16, 34 
entropy of mixing involving, 34, 49 
Pairwise interactions, principle of, 154 
1,2,3,4,6-Penta-0-acetyl-D-galactose 76 
1,2,3 ,4,5-Penta.0-acetyl-D-glucose, 76 
Pentitols, 19-21 
248 Subject Index 




2-Phenyl-2 ,4 ,6-trimcthyl- I ,3-dioxane, 
equilibration of diastereomers of, 192 
Planar zigzag conformers, 94, 95 
Point groups, 9-13 
Polydisperse preparations, 42, 43 
Polyoxyethylene, preferred conformation 
of, 67 




conformational properties of, 109-118 
helical nature of, 111 
molecular weight distributions of, 42 
regular 44 
reserve, 43 	 - 
Type VIII pneuniococcus specific, 44 
Primary structure, definition of, 41 
Prochiral carbon atom. 13 
Projection formulas, Fischer, 16, 17, 19-27, 
36 
Propane, torsional strain in, 191 
1.3-Propanediol, symmetry of, 13, 14 
Pseudoasymmetric carbon atom, 22 
Pseudolibration, 195 
Pseudorotation, 53 
Pyranoid ring, boat/twist-boat pseudorota-
tional itinerary of, 56, 57 
chair conformers of, 54 
electronic interactions in, 67 
flattening of. 54 
map of interconvertions for, 58 
nomenclature convention for, 54, 55 
nonbonded interaactions in, 60, 64-67 
Reeves convention for, 54, 55 
semiquantitative estimates of the relative 
free energies of, 59 
steric interactions in, 58 
Pyra nose-fu ra nose equilibria, in dimethyl-
formamide, 167-171 
in dimethyl sulfoxide, 167-171 
in pyridine, 167-171 
in water, 160-171 
Pyranoses, 31 
hornomorphous, 37 
perspective formulas of, 35, 36  
Quantum mechanical calculations, 48, 85 
Quercitols, tridentate borate complexes of, 
62 
Rabbit-ear effect, 81 
Racemic form, 34 
Racernization, 34 
Reducing sugars, 37 
Reeves convention, 55 
Reflection symmetry, 10 
Repeating unit, of polysaccharides, 44 
Reverse anomerjc effect, 75 
Riboflavin hydrobromide monohydrate, 94, 
95 
a-D-Ribopyranose tetrancetate, conforma-
tional equilibrium in, 140 
rate of chair-chair interconversion in, 141 
Saccharic acids, 22 
Secondary structure, definition of, 112 
Septanoid ring, conformational properties 
of, 102-108 
nomenclature convention for, 104 
pseudorotational itinerary for, 104, 105 
Septanoses, 32 
Sickle conformers, 20, 94, 95 
Sodium rubidium (+)-tartrate, crystal struc-
ture analysis of, 16 
Specific rotation, definition of, 147 
Stereoisomeric relationships, 9, 13 
Stereoisomerism, 4 
Stercoisomers, 4 
Steric interactions, 58 
Structure, definition of, 2 
Sucrose, 40 
Symmetry, center of, 9-13 
elements, 9-13 
number, 11, 13 
operation, 9-13 
plane of, 9-13 
properties, 9 
rotation-reflection axis of, 9-13 
Syn-axial interaction, 60 
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T 
Tartaric acid, configurational isomers of, I 
TautorneriSm, 3 
Tautomers, 3 




methyl pyridinium bromide, 75, 76 























1,3,6,8.TetaoxabiCYC10E4.41 decane ring 
systems, cis-fused, 210 
trans-fused, 210  
Tetritots, 19-21 
Torsional strain, 48 
3,4,6 -Tri-0- ace t Y 1 - 1  ,2-0-( 1 '.cyanoethytidcfle) 
cx .DgluC0PYraflOSe, 203, 204 
2,3 ,4.Tri.aCCtYlt3DXYb0PY13fl0S chlo- 
ride, 73, 78 
2,3,4.TriaCetY1DYb0PYrb 05 't fluo- 
ride,',' 3, 78 
1,2:3,4:5 ,6.Tri.O.isoProPYlidefleDmanm 
tot, 196, 197 
	






2,3 4.T riO.methYl.D.xYlonolactone, 179, 
181 
2,3 	 183 




Twist conformation, 98 
LII 
UroniC acids, 28 
formation of -1-lactones from, 185 
UronolaCtofles, 28 
X-ray diffraction, 123 
Zigzag conformers, 20 
